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ABSTRACT
A recent contribution to the ongoing debate concerning the concept of usability and its measures
proposed that usability reached a dead end – i.e. a construct unable to provide stable results and to
unify scientific knowledge. Extensive commentaries rejected the conclusion that researchers need
to look for alternative constructs to measure the quality of interaction. Nevertheless, several
practitioners involved in this international debate asked for a constructive way to move forward
the usability practice. In fact, two key issues of the usability field were identified in this debate:
(i) knowledge fragmentation in the scientific community, and (ii) the unstable relationship
among the usability metrics. We recognise both the importance and impact of these key issues,
although, in line with others, we may not agree with the conclusion that the usability is a dead
end. Under the light of the international debate, this work discusses the strengths and
weaknesses of usability construct and its application. Our discussion focuses on identifying
alternative explanations to the issues and to suggest mitigation strategies, which may be
considered the starting point to move forward the usability field. However, scientific community
actions will be needed to implement these mitigation strategies and to harmonise the usability
practice.
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1. Introduction

The formal umbrella construct of usability was defined
in 1998 by the International Standard for Organisation,
as follows: ‘The extent to which a product can be used
by specified users to achieve specified goals with effec-
tiveness, efficiency and satisfaction in a specified con-
text of use’ (ISO 9241-11, 1998). This definition aims
to bridge and connect different definitions and stan-
dards of interaction design. Moreover, this umbrella
provides a common framework of usability engineering
(Bevan 1995; Bevan et al. 2016; ISO 9241-11, 1998).
Before and after the formalisation of the ISO 9241-11
(1998), experts have attempted to critically discuss
and extend the theoretical framework of usability (e.g.
Quesenbery 2003).

The history of interaction design and evaluation is
populated by alternative, and sometimes conflicting,
constructs and definitions of usability. A detailed revi-
sion of the issues associated to the conceptualisation of

usability was recently proposed by Tractinsky (2018).
This author suggested that the framework of the ISO
9241-11 is collapsing and that the usability is a dead
end. Tractinsky identified two main theoretical reasons
to claim that the construct is falling apart, that we may
summarise as follows:

(i) The broad characterisation of the usability con-
struct. Usability is not well characterised by the
ISO 9241-11 definition, namely the umbrella con-
struct. In fact, umbrella constructs are usually too
broad and weak to adequately serve the scope of a
scientific community. The uncertainty around the
construct of usability is a barrier to accumulate
and to properly organise the disciplinary knowledge.
For this reason, the scientific usability community is
fragmented and experts are still debating the con-
struct of usability and its assessment measures –
i.e. issues of the fragmentation of knowledge.
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(ii) The unclear representation and operationalisa-
tion of the usability construct. Experts tend to
operationalise their evaluation (protocols) in differ-
ent ways by using a wide range of methods to assess
different variables. This is a limitation to perform
appropriate replication of findings and comparative
analyses of usability evaluation studies (Hornbæk
et al. 2014). Evidence gathered in comparative
studies (Frøkjær, Hertzum, and Hornbæk 2000;
Hornbæk 2006; Hornbæk and Law 2007; Sauro
and Lewis 2009; Hornbæk et al. 2014) do not com-
pletely support the theoretical construct of usability.
In fact, studies reported an unstable and weak
relationship among the dimensions of efficiency,
effectiveness, and satisfaction – i.e. the issue of the
relationship among the usability metrics.

Several authors (Bardzell 2018; Bertelsen 2018; Hertzum
2018; Hornbæk 2018; Reeves 2018; Roto 2018; Stage
2018) commented on Tractinsky’s proposal by mostly
rejecting the conclusion that usability is a dead end,
but also recognising the need of a way to progress in a
constructive way the usability field.

We acknowledge that both the issues (the fragmen-
tation of knowledge and the unstable relationship
among the usability metrics) are key challenges for
the field usability. Tractinsky’s perspective (2018) is
that these issues originate from the uncertainty associ-
ated to the weak umbrella construct of the ISO 9241-
11. Tractinsky suggests that experts have to look for
an alternative (and hopefully more) robust set of evalu-
ation metrics yet to be identified. Therefore, this author
proposes to abandon or to significantly revise the cur-
rent construct.

The present work will take a different approach from
the commentaries cited above; in fact, we will not reject
or agree with the reasoning and the conclusion of Trac-
tinsky, but we will attempt to define a constructive way
forward.

To achieve this aim the present work critically dis-
cusses the two issues identified by Tractinsky and seeks
for evidence to support alternative perspectives on the
causes of knowledge fragmentation and the unstable
relationship between the dimensions of the construct.
Mitigation strategies against the issues identified above
will be proposed to harmonise the fragmented field of

Figure 1. Structure of the work and key contents of the four main sections.
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usability and to enable appropriate ways to replicate and
compare usability studies.

Figure 1 provides a graphic insight of the contents of
the four main sections of this work.

2. Theoretical issues

2.1. The broad characterisation of the usability
construct: knowledge fragmentation

Umbrella definitions and terms are typical of multidisci-
plinary fields. These definitions usually aim to describe
complex phenomena to bring together the perspective
of experts from different backgrounds. Umbrella con-
structs are developed by communities to provide experts
with a common set of objectives within a shared theoreti-
cal framework. Examples of umbrella definitions, terms,
and frameworks are quite common in literature of differ-
ent domains e.g. pervasive developmental disorders
(Caronna, Milunsky, and Tager-Flusberg 2008); disabil-
ity (WHO 2001); advanced nursing practice (Lowe et al.
2012); psychology of attitude (Eagly and Chaiken 2007);
Public Service Motivation (Vandenabeele, Scheepers,
and Hondeghem 2006), etc.

Hirsch and Levin (1999) suggested that umbrella
definitions are usually abstract and not measurable.
These types of definitions, after different phases of expan-
sions, usually reach a natural phase inwhich the construct
may collapse. Tractinsky (2018), by referring to themodel
of analysis proposed by Hirsch and Levin (1999), argued
that the usability construct is collapsing because umbrella
terms are usually too weak and broad. To summarise
Tractinsky’s assumption: the uncertainty created by the
broad framework of usability has prevented the scientific
community from accumulating and sharing common
knowledge. In the present day, the usability umbrella
has reached a critical point. In fact, experts compensate
the fragility of the umbrella (offered by the ISO 9241-
11) and are often forced to measure additional dimen-
sions to the one specified in the construct – i.e. efficiency,
effectiveness, and satisfaction.

Nevertheless, before we accept this assumption, we
need to find an answer to the following question: Why
in other multidisciplinary communities umbrella con-
structs and definitions are functional tools able to serve
the aim of professionals and to unify their scientific com-
munities? (Question 1).

2.2. The unclear representation and
operationalisation of the usability construct:
unstable metrics

Comparative studies and meta-analyses have identified a
variable correlation among usability dimensions of

efficiency, effectiveness, and satisfaction with a span on
average from 0.25 to 0.6 e.g. in one study the level of corre-
lation among the metrics to measure efficiency, effective-
ness, and satisfaction may result lower (or higher) than
the correlation reported in other studies (Frøkjær, Hert-
zum, and Hornbæk 2000; Hornbæk 2006; Hornbæk and
Law 2007; Sauro and Lewis 2009; Hornbæk et al. 2014).
The variability of the relationship among the usability
dimensions is presented by Tractinsky (2018) as the ulti-
mate evidence of failure of the usability construct. How-
ever, authors of these comparative studies have
underlined that the variability in the relationship among
the usability dimensions is due to multiple factors, such
as: which methods are used and how, and also how data
are reported by professionals to ensure that results can be
replicated and compared (Frøkjær, Hertzum, and Horn-
bæk 2000; Hornbæk 2006; Hornbæk and Law 2007;
Sauro and Lewis 2009). In tune with Hornbaek and col-
leagues (2014), ‘Replicability’ is defined as the possibility
to confirm, expand, or generalise previous findings.

Tractinsky’s (2018) assumption is that experts tend to
operationalise the usability assessment in different ways
because there is no clear relationship between the con-
struct and its measures. We agree that the variability of
the relationship among the usability dimensions may
indicate an open and inherent methodological challenge
in the field.

Nevertheless, before we accept the assumption that the
usability construct is a dead end because its dimensions
have an unstable relationship we need to find an answer
to the following question: How is replicability fostered
in usability and in other research fields? (Question 2).

In fact, an alternative explanation could be that this
issue is not due to a deficiency in the ISO 9241-11 frame-
work but to a lack in the way in which studies are
reported and communicated. This resonates with initiat-
ives such as RepliCHI (Wilson et al. 2013) which aimed
to cumulate and share knowledge and previous experi-
ence within the human–computer interaction (HCI)
community about methods and practices to enable repli-
cation of studies and results.

3. From issues to potential mitigation
strategies

We identified in the sections above (2.1 and 2.2) two
questions (Question 1 and 2) that need answers before
we may declare that usability is a dead end:

. Question 1. Why are umbrella constructs and
definitions are functional tools in other multidisci-
plinary communities to aid professionals and to
unify their scientific communities? This question

BEHAVIOUR & INFORMATION TECHNOLOGY 3



resonates also with the points raised by previous com-
mentaries (Bertelsen 2018; Hertzum 2018; Hornbæk
2018) about the fact that umbrella constructs are
flexible, while rigid constructs may not serve the
empirical instances of multiple communities. Indeed,
as Reeves (2018) suggested, the nature of problems
faced by usability experts are different and product-
related, and practitioners usually are referring to
usability in different ways. Therefore, probably,
there is need for a better and unifying knowledge of
the meaning of usability (Bertelsen 2018) but there
is also the need to maintain a flexible and adaptive fra-
mework to serve multiple empirical purposes. Section
3.1 will attempt to answer Question 1.

. Question 2. How is replicability fostered in usability
and in other research fields? This question res-
onates with the fact that empirical instances always
require usability practitioners to associate design
and evaluation (Hertzum 2018; Stage 2018) so
that practitioners my apply different approaches
and consider different factors when assessing
usability. This variability of approaches aims to
serve the scope and the purposes of products
under assessment, despite being detrimental to the
purposes of formal comparable analysis of evalu-
ation results. Section 3.2. will attempt to answer
Question 2.

3.1. Answer to Question 1. Umbrella definitions in
other communities: from knowledge
fragmentation to a meta-standard of usability

Among the different umbrella terms and definitions
applied in other sectors, one of the most important
and well-known is that of disability. Disability is
defined as ‘complex phenomenon, reflecting the inter-
action between features of a person’s body and features
of the society in which he or she lives’ (WHO 2001).
The definition of disability conveys the construct of the
biopsychosocial model in which people functioning is
evaluated in terms of body functions and structures,
activities, and participation (Jette 2006; Federici et al.
2017; Federici and Scherer 2017).

Similarly to the usability construct, which provides a
common framework to a variety of communities (e.g.
designers, engineers, computer scientists, HCI and
human factors experts, psychologists, etc.), the umbrella
definition of disability has connected different perspec-
tives (medical, psychological, and sociological) around
the ‘complex, dynamic, multidimensional, and con-
tested’ (WHO & World Bank 2011) characteristic of
the individual functioning.

Evaluators who are dealing with individual function-
ing usually assess people disability throughout subjective
and objective measures (Federici et al. 2017). The evalu-
ation of people functioning is operationalised through-
out a common evaluation framework known as the
International Classification of Functioning, Disability
and Health (ICF, WHO 2001).

The ICF provides (i) a classification of health and
health-related domains for measuring health and disabil-
ity at both individual and population levels, and (ii) a set
of guidelines on how to share, communicate, and report
the evaluation of functioning performed by experts from
different fields.

The definition of disability, and its associated ICF fra-
mework, is about the same age as ISO 9241-11, but this
umbrella is still standing and supporting professionals
and researchers to evaluate people functioning. In fact,
the biopsychosocial model of individual functioning
and the definition of disability, thanks to the ICF, pre-
vent fragmentation by providing a set of normative on
what has to be evaluated and how to report the
assessment.

Conversely, the ISO 9241-11 appears to be less able to
convey a unified perspective. Usability researchers and
practitioners from different communities (e.g. web
design, software development, industrial design, manu-
facturing, etc.) mainly communicate their results and
theoretical advancements primarily within their own
fields. As suggested by Hornbæk (2018) experts of
usability are well aware of the umbrella, the methods
and standardised tools for evaluation, therefore the
variability among the evaluation studies and their results,
and among the knowledge communities, cannot be
found only in the construct of usability.

We are not questioning that the usability field is
fragmented; maybe, as suggested by Lewis (2014),
still only few practitioners shared their research by
attempting to reduce knowledge fragmentation across
different communities. Definitively, however, looking
at the contribution of umbrella constructs in other sec-
tors, we cannot find Tractinsky’s argument persuasive.
In fact, just because umbrella terms are usually ‘broad,
blurred, and transient’ (Tractinsky 2018, 35) this does
not explain why in certain fields umbrella definitions
bring to a cohesion of different perspectives and to
solid and shared methods of evaluation, while in
usability field the umbrella construct led to knowledge
fragmentation.

Before we may accept or reject the Tractinsky’s pro-
posal (i.e. discarding the usability framework and look-
ing for new unifying paradigms) we need to deeply
understand the reasons behind this fragmentation. In
fact, we could be exposed to the risk of replacing the

4 S. BORSCI ET AL.



usability construct with a new one without reducing the
fragmentation of the different communities of
practitioners.

3.1.1. Fragmentation of knowledge or adaptability
to the innovation?
To explore the reasons behind the fragmentation, and to
observe how the umbrella is applied in the real world, we
researched the Online Browsing Platform of the ISO
(https://www.iso.org/obp/ui). In particular, we searched
for all those standards, which referenced the ISO 9241-
11 to define the rules to assess the usability of different
types of technologies. Out of 79 published standards
(and partial standards) which referenced the ISO 9241-
11, we manually:

(i) Grouped all the parts of the same standard in a
family e.g. ISO 11064 part 5 and ISO 11064 part 7
were grouped in the same family: ISO 11064.

(ii) Excluded those standards that propose general
guidelines of design and ergonomics principles
without proposing a product-specific standard, e.g.
ISO/TR 16982; ISO/TR 22411; ISO/TR 18529;
ISO/TS 18152; ISO 26800.

The final dataset was composed of 54 standards. All
these standards refer to the usability umbrella as the

framework used to assess the interaction with 19 differ-
ent types of products.

Table 1 summarises all the product-specific standards
that usability experts have to comply with to evaluate the
usability of different types of products. For our conven-
ience, Table 1 presents the standards into three cat-
egories of products: medical products, software
applications, other/miscellaneous applications.

Experts evaluating different types of products may be
asked to look at the usability (characterisation and rep-
resentation) in different ways – i.e. each product-specific
standard may carry out variations of the ISO 9241-11.
Three cases in which different communities have accom-
modated the umbrella construct to the inherent charac-
teristics of different products they have to evaluate and
can be exemplified by three standards for software appli-
cation (ISO 25010, 2011), medical device (IEC 62336,
2015), and everyday products (ISO 20282, 2006), as
follows:

. Extension of the umbrella: ISO 25010 considers the
usability as a subset of the quality in use. Evaluators
of software interfaces are requested to look not only
at effectiveness, efficiency, and satisfaction, but also
at the ‘freedom from risk’ and at the coverage of con-
text – i.e. usability in the specified context of use and
in contexts beyond those initially identified. In this

Table 1. Standards of product design and evaluation associated to ISO 9241-11.
Categories of products Types of products Standards which refer to ISO 9241-11

Medical products (i) Devices/tests/Health
Technology,
Tele/e-health

IEC 62366; IEC 60601-1-6; ISO/TS 13131

Software applications (ii) Interface design and
Engineering,
Data and biometrics,
Information technology.

ISO/IEC 29156; ISO/IEC 25063; ISO/IEC 25064; ISO25060; ISO/IEC 25062; ISO/TR 16982; ISO/IEC TR
29196; ISO/IEC 29138

ISO/IEC 29136; ISO 27500; ISO/IEC 26514; ISO/IEC 25062; ISO/IEC 25051; ISO/IEC 25040; ISO/IEC
25030; ISO/IEC 25023

ISO/IEC 25022; ISO/IEC TS 25011; ISO/IEC 25010; ISO/IEC 25000
ISO/IEC 24779-4; ISO/IEC 24756; ISO/IEC 24751-1; ISO/IEC 24748; ISO/IEC TR 24714-1; ISO/IEC
23988; ISO 23185:2009

ISO/IEC TR 20748-1; ISO/IEC 19796-3; ISO/IEC 19773; ISO/IEC 17549-2; ISO 14915-3; ISO/IEC
14598-6; ISO/IEC 12207; ISO/IEC 10779; ISO 10075-3; ISO/IEC 25066; ISO 9241-11 family (part:
960; 420; 400; 307; 304; 210; 171; 151; 143; 129; 110; 100; 20)

other/miscellaneous
applications

(iii) Everyday products ISO 20282
(iv) Building ISO 21542; ISO 15686-10; ISO 11863
(v) Design control centres ISO 11064 family (parts: 5 and 7)
(vi) Documents ISO/TR 28118
(vii) Machines

industrial robots,
office machines,
earth-moving
machinery,
transportation

ISO 1503

(viii) Manikins and body
templates

ISO 15536

(ix) Packaging ISO 17480
(x) Ships and marine

technology
ISO 17894

(xi) Vehicles ISO 29061
ISO 17287

(xii) Work systems ISO 6385
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ISO, usability is not only measured in tune with the
ISO 9241-11 definition, but it is also measured as a
set of characteristics related to the quality: appropri-
ateness recognisability, learnability, operability, user
error protection, user interface aesthetics, and accessi-
bility (ISO 25010, 2011). The ISO 25010 adds
elements both to the usability construct characteris-
ation and representation proposed in the ISO 9241-
11 i.e. extension of the umbrella.

. Integration of the umbrella: ISO 62336 proposes a
usability engineering process of medical device (IEC
62336, 2015). This product-specific standard conveys
a process in which usability evaluation is strongly
associated with the management and estimation of
residual risk in use – i.e. the residual likelihood that
harm may occur after the usability evaluation (ISO
14971, 2007). ISO 62336 recommends measuring
usability only in tune with the key dimensions of
the umbrella construct, although a particular rel-
evance is posed on the definition of the contextual
variables, which may produce unexpected risks in
use. ISO 62366 does not add elements to the construct
representation; however, the management of the risk
in use is an add-on to the characterisation of the
umbrella. In fact, for a medical device to be considered
usable it must be efficient, effective, and satisfactory,
and have an acceptable residual risk in use i.e. inte-
gration of the umbrella characteristics.

. Reduction of the umbrella: ISO 20282 suggests that
to assess everyday products only considering the
main dimensions of the umbrella construct. However,
because the tasks performed with everyday products
are usually of low complexity and risk, experts do
not have to evaluate (residual or freedom from) risk.
In particular, this standard suggests that experts
have to prioritise the measure of effectiveness over
the other dimensions of usability. Therefore, ISO
20282 does not add elements to the construct charac-
terisation, but the dimension of effectiveness is priori-
tised in terms of operationalisation of the evaluation
i.e. reduction of the umbrella.

These examples show that product-specific standards
may propose extensions, integration and even reductions
of the usability construct. Communities of experts, by
working on specific products, have agreed on and for-
malised at international level amendments to the usabil-
ity construct: (i) characterisation i.e. what usability is;
and (ii) representation and operationalisation i.e. how
to assess the interaction (Stolterman 2008) and how to
report and communicate the results of a usability study
(e.g. Theofanos and Quesenbery 2005). These amend-
ments to the ISO 9241-11 accommodate inherent

differences among the products (i.e. features, contexts,
risk in use, etc.) and enable experts to evaluate (under
the same umbrella) different aspects of the interaction
with a product.

The primary cause of the knowledge fragmentation,
hence, is not the construct of usability per se but the
need of each community to have a flexible construct
which may be modified and adapted (product-specific
standards) to the need of a large technology landscape.

3.1.2. Umbrella organisation: advantages and
disadvantages
The usability construct appears to be organised in a hier-
archical way. The first level is composed by the ISO
9241-11, which proposes a one-size-fits-all construct.
The second level is composed by product-specific stan-
dards, which amend the construct. This second level is
continuously evolving to answer the specific evaluation
needs of each type of technology.

The disadvantage of this hierarchical organisation is
the fragmentation of knowledge e.g. experts who are
working in the medical device field have a different per-
spective on (and know-how about) usability compared to
experts who are working on software.

The main advantage of this organisation of the usabil-
ity construct is the possibility to support developers and
practitioners, independently from the type of product, to
evaluate usability; even when a new type of technology
emerges from the landscape and specific standards are
not available. For instance, human–robot interaction
(HRI) is becoming a reality in specialised sectors – man-
ufacturing, surgery etc. The collaborative interaction
with robots to perform tasks was recently regulated
(ISO/TS 15066, 2016). Nevertheless, currently, a pro-
duct-specific standard to operationalise the usability
evaluation of collaborative HRI is not available. To
cover this lack in regulation, experts are exploring ways
to adapt the ISO 9241-11 for the specific characteristics
of these type of technology (Kiesler and Hinds 2004;
Yanco, Drury, and Scholtz 2004). The umbrella
definition is acting as a safety net for experts, by enabling
the generation of evaluation protocols under a unified
framework, until product-specific standards will provide
a regulation related to usability evaluation – see as an
example of product-specific standard (under develop-
ment) for robot-assisted surgery: IEC/DIS 80601-2-77
(under development).

The ISO 9241-11 proposes a common and broad
ground, which can be applied when new technology
and new forms of interaction emerge from the inno-
vation landscape. Therefore, we cannot fully support
the idea that the usefulness of the usability umbrella
seems exhausted today (Tractinsky 2018, 37). Although,
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we agree that fragmentation is an issue, our analysis also
suggests that:

(i) The usability definition is solid enough to serve the
scope of multiple communities of manufacturers
and practitioners to develop and evaluate a variety
of regulated and unregulated products;

(ii) The fragmentation of knowledge in the usability
communities is the main disadvantage of the hier-
archical organisation of the regulatory framework.
However, this fragmentation results from the need
to have a one-size-fits-all construct, which is flexible
enough to react to the innovation changes.

This alternative perspective on the fragmentation issue
resonates and extends the reasoning of other experts in
their answers to Tractinsky (Bardzell 2018; Bertelsen
2018; Hertzum 2018; Hornbæk 2018; Reeves 2018;
Stage 2018). By rejecting the assumption that the frag-
mented knowledge is due to the definition of usability,
we are also proposing that fragmentation is an inherent
aspect of the empirical need of different communities to
adapt the usability evaluation to different products and
technological innovation. This issue, therefore, could
be handled without changing the construct but with a
new international agreement and guidelines, which
may reflect the different practices and knowledge gath-
ered by different communities about the usability.

3.1.3. Reduce the fragmentation without losing the
adaptability: first mitigation strategy
The fragmentation of knowledge and the diversity
among communities of experts who work on specialised
sectors is a main challenge in the usability field. As Lewis
(2014) suggested, experts need to: (i) look at the lesson
learned (and yet to be learned) within their own and
other communities about usability; and (ii) experiment
methods, and try to better exchange their know-how.
However, encouraging experts to better communicate
and acquire knowledge may not be enough to break
the barriers among the communities. Nor could be
enough to acknowledge and raise awareness about the
fact that usability is a set of different of (sometimes confl-
icting) images; intended as the focus, mindset and per-
spective that practitioners are referring to when
thinking and applying usability in their fields (Hertzum
2010).

A solution to the fragmentation issue needs to bring
together the different images to enable a cross-disci-
plinary communication and share of knowledge. How-
ever, this requires time and a long process of
sedimentation to enable a proficient exchange among
the communities. In fact, to introduce methods of

collaboration among such a heterogeneous collective
of disciplines can bring with it some communication
challenges between those parties involved, where
difficulties making their concepts explicit can arise. A
growing challenge to human-centred design practice
involving usability is the need to bridge the communi-
cation gap between various professions, designers,
other stakeholders, and end user groups involved in
the design process. Even within sub-departments of
organisations people have ‘unique perspectives’ on
aims and tasks causing conflict. Alignment and recog-
nition of the perspective and need of different commu-
nities require time for a new culture to be effective and
productive. For example, Strober (2011) discovered
that at Bio X, an interdisciplinary science centre at
Stanford, it took two years of weekly meetings to
learn the culture and habits of mind of each other’s dis-
ciplines. Therefore, time effective solutions need to be
explored to begin to address some aspects of develop-
ing productive communication and concepts about
usability between various and diverse communities.

Recognising the fragmentation of knowledge as an
inherent challenge of different usability communities
(which often do not talk to each other) involves the
opportunity to call for international actions among
experts to build a cross-disciplinary regulation/guideline
(meta-standard) of usability.

This meta-standard will not propose a change in the
current characterisation of the usability definition, but
it will reflect the hierarchical organisation of the con-
struct and its product-specific adaptations. This may
diffuse among communities the know-how about the
different ways in which the construct is characterised,
represented, and operationalised to test different and
unregulated products. Moreover, this meta-standard
may act in the long run as a point of reference for prac-
titioners to enable the different communities to recognise
each other, and to share their similarities and differences,
and their cumulated knowledge in the application of the
usability construct.

A key barrier to develop this meta-standard, however,
is the issue related to the representation and operationa-
lisation of the usability construct, i.e. how evaluation is
performed and reported. Indeed, as also explained by
Tractinsky (2018), if the usability construct is operatio-
nalised in different ways how can we ensure that people
are measuring the same construct? And how can we
compare and replicate different usability studies to
enable adequate knowledge accumulation?

In fact, for such meta-standard to be useful and suc-
cessful this has also to be able to provide a way for differ-
ent communities to share, replicate, compare, and
effectively communicate results.
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3.2. Answer to Question 2. Replicability: from
unstable metrics to guidelines to report usability
studies to enable cross-discipline communication

The flexibility of the ISO 9241-11 is well reflected in the
adaptability of the evaluation methods. Indeed, a variety
of assessment methods (for a review on evaluation
methods, see Wilson and Sharples 2015) are available to
serve the evaluation objectives atmultiple stages of product
development. Practitioners, in each community, apply and
adapt these common methods to satisfy their different
scopes due to the variable contexts of use and the inherent
difference of the products. For instance, in healthcare,
usability is part of the outcome-based evaluations that
include assessment of the perspective of patients, economic
impact, accuracy, safety, reliability, etc. (Kushniruk and
Patel 2004; Borsci, Buckle, and Hanna 2016; Polisena
et al. 2018). Therefore, usability methods in healthcare
are one of the multiple evidence needed to assess services
and tools, and to support the adoption of new systems
and processes (Green and Mercer 2001; Brown et al.
2013; Federici, Meloni, and Borsci 2016; Borsci et al.
2017; Roberts et al. 2017; Roberts et al. 2018). Clinicians,
biomedical engineers and experts of health technology
assessment are increasingly recognising the importance
and demanding for adapted usability methods to evaluate
the quality of interaction and its relationship with value
and likelihood of technologies’ adoption (Huddy et al.
2015; Polisena et al. 2018). Concurrently in other fields,
such as the one of virtual and augmented reality field,
usability methods are often used to also investigate the
relationship between the quality in use and key factors
such as: acceptance, trust, and presence (Borsci, Lawson,
and Broome 2015; Borsci et al. 2016).

Video games have different design considerations and
usability issues than other types of software. To ensure
the satisfaction of game players, considerable care is
required in the game design process and could be better
guaranteed with the use of formal usability evaluation
procedures by game developers (Federoff 2002). Not
only video games require a careful selection and appli-
cation of usability guidelines by practitioners (e.g.
game designers and developers) but also they pose new
challenges in terms of usability for Networked Multi-
player Games. Indeed, Networked Multiplayer Games
need to allow a huge variety of interactions compared
to single-player games. Think about the network impli-
cations of communication and coordination among
players. Therefore, additional and relevant usability
issues must be considered to address issues of group
play whilst there are no current usability engineering
heuristics specifically oriented to multiplayer games
(Pinelle et al. 2009).

Even serious games – games designed for a primary
purpose other than pure entertainment (e.g. games
used by industries such as defence, education, etc.) –
require a particular focus from practitioners to adopting
the right usability guidelines for their purpose. The pro-
cess of learning in an immersive multi-user environment
often requires an increased time and continuity to
achieve formal learning outcomes when compared with
more traditional (face-to-face) learning environments.
Nevertheless, the design process used in serious games
is generally less controlled than in video games and
involves mainly three stages: design, development, and
research implementation with live players. Testing is
somehow reduced in the development of such games,
possibly due not addressing an audience as wide as the
pure entertainment market. This can lead to negative
(unintended) consequences such as learners building
incorrect mental models of complex systems that are
difficult to change (Warren, Jones, and Lin 2011).

In line with the heterogeneity of purposes, each usabil-
ity evaluation protocol is designed by practitioners in tune
with the product-specific standard or by considering the
specific features of the device i.e. unregulated product.
In addition to the type of product, experts select the
methods for the assessment by taking into account several
factors, such as: evaluator’s expertise, stage of develop-
ment, available budget and aim of evaluation – formative
or summative (Hartson, Andre, and Williges 2001; Hert-
zum and Jacobsen 2003; Liljegren 2006; Hertzum 2010).
Moreover, scenarios and tasks used during a usability
evaluation usually represent inherent and specific contex-
tual conditions of the interaction with a product. Each
evaluation protocol contains, hence, a tailored way to
measure usability – i.e. there are multiple correct ways
to assess efficiency, effectiveness, and satisfaction.

Tailored evaluation protocols are based on prac-
titioners experiential and utilitarian constructs of usabil-
ity (Hertzum and Clemmensen 2012). This customised
way of approaching usability evaluation is a common
practice in the usability field. For instance, Hornbæk
(2006) showed how practitioners who measured the con-
struct of usability in 180 studies have applied 12 different
measures to assess effectiveness, 13 to gather data related
to efficacy, and 15 measures of satisfaction. The main
advantage of the tailored evaluation protocol is that prac-
titioners may select the most appropriate methods to
deal with inherently different products and contexts of
use. The main disadvantage is that each evaluation pro-
tocol may contain substantially different (and sometimes
not comparable) measures to assess usability and other
related aspects. As international experts highlighted
(Frøkjær, Hertzum, and Hornbæk 2000; Hornbæk
2006; Hornbæk and Law 2007; Sauro and Lewis 2009;
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Hornbæk et al. 2014) the scientific publications of usabil-
ity studies often suffer the following issues:

(i) Researchers do not always provide enough infor-
mation (data, context, methods) to compare or
replicate the findings e.g. often only partial data
are reported, or usability dimensions are only par-
tially investigated (Hornbæk 2006);

(ii) Researchers rarely perform correlation analysis
among efficiency, effectiveness, and satisfaction,
e.g. a lack in terms of quality control (Frøkjær,
Hertzum, and Hornbæk 2000; Hornbæk and Law
2007; Sauro and Lewis 2009);

(iii) Researchers rarely describe the criteria to select,
and the validity or reliability of, evaluation
methods. Therefore, measures applied could be
inappropriate, or hard to be compared, e.g. the
use of home-made questionnaires instead of vali-
dated scales to measure satisfaction, or the evalu-
ation of user’s performances in terms of user’s
perception of interaction (subjective performance)
instead of using objective indexes such as errors
and task achievement (Hornbæk 2006).

In line with these issues, comparative analyses of usabil-
ity studies are always affected by (i) poorly reported data,
and (ii) lack of information about applied methods and
different conditions of assessment.

The weak correlation among the dimensions of
usability appears to be due to inappropriate ways of
reporting usability results in scientific studies more
than to a lack of the framework. Therefore, also in this
case, Tractinsky’s solution (2018) to identify other
(more reliable and rigid) metrics to unify the practice
of interaction evaluation does not seem entirely convin-
cing. This is mainly because changing the construct will
not solve a problem due to practitioners’ way of commu-
nicating and sharing results. In fact, researchers by
measuring different products will always need a certain
level of adaption of the metrics. Until research protocols
and evaluated dimensions will not be reported appropri-
ately, practitioners will always struggle to replicate and
compare data and results independently from the type
of usability construct.

3.2.1. Common guidelines to report usability data
for cross-disciplinary communication: second
mitigation strategy
Differently from the scientific community, industry has
solved this problem by developing a Common Industry
Format (CIF) for usability report of summative data.
CIF was initially conceptualised in the early 2000s by a
collaboration with several industries (Bevan 2009), and

it originated the ISO/IEC 25062 (2006). This standard
describes the components and how to use the CIF.

CIF aims to (i) promote best practice to report usabil-
ity methods and data independently from the type of
product evaluated by experts (Bevan 2009), (ii) ensure
comparability, and (iii) replicate the evaluation protocols
where possible (ISO/IEC 25062, 2006). This reporting
approach proposes a systematic way to report data and
the main factors which could differentiate one study
from another, such as: contextual factors, analysis of per-
formance, and methodological variables (Bevan 1995;
Bevan et al. 2016). In addition, the CIF proposed in
the ISO/IEC 25062 can be used as a checklist to ensure
that all the required content is included in a report to
enable results replication and facilitate comparative
analysis (Bevan et al. 2016).

Unfortunately, ISO/IEC 25062 (2006) and its associ-
ated concept of a unified way to report data were not suc-
cessfully adopted within the scientific community. We
analysed the number of conference and peer-reviewed
articles, which referenced the ISO 25062 in the last 10
years (databases: Scupus, IEEEXplore and Science
Direct). Figure 2 shows that from 2007 to 2017 only 30
articles about product design and development have
applied CIF or, at least, referenced the ISO/IEC 25062
to report their evaluation data.

The reason for such a low level of adoption in scien-
tific literature of a unified way to report usability data for
summative and formative studies (Theofanos and Ques-
enbery 2005; ISO IEC 25062, 2006) has to be further
investigated. This may be related to the fact that the tem-
plate for reporting is quite demanding, or it is perceived
as very industry-oriented to be used or adapted for scien-
tific reporting purposes. Nevertheless, the lack of success
of CIF in the scientific literature resonates quite well with
the indication that replication is rarely performed in
usability research field, appearing only in 3.1% out of
891 reviewed studies (Hornbæk et al. 2014).

The CIF and its adaptations to report formative test
(Theofanos and Quesenbery 2005) may offer an off-
the-shelf tool which may be adapted to build a guideline
on how to report, in scientific publications, a minimal set
of information and data to enable replication and com-
parative analysis. This is not an uncommon practice in
science. For instance in medical research practitioners
are requested to report their studies in scientific publi-
cation by using common guidelines (see, for instance,
CONSORT and COREQ guidelines for reporting:
Moher, Schulz, and Altman 2001; Tong, Sainsbury, and
Craig 2007). These standardised ways to report studies
are applied to facilitate the communication among
wide communities, and to enable replication and com-
parability of the studies in critical fields.
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We are proposing to adopt an approach similar to the
one adopted in other field; for instance designing guide-
lines to report usability data for scientific publication
(RUS) may substantially reduce the replicability issues.
The success of such guidelines will require, however:
(i) an international action of usability communities,
and (ii) support from publishers to enforce the compli-
ance to a unified way of summarising and presenting
data in journals and conferences in tune with emerging
initiatives of open data (e.g. https://www.epsrc.ac.uk/
about/standards/researchdata/). In addition to promot-
ing replicability and comparability, RUS will also enable
better assessment of the quality of each usability study
i.e. methods, variable and data and will provide
enhanced information about differences among studies
due to contextual factors and products’ characteristics.

4. Conclusion

4.1. Why we should keep the usability construct in
the era of user experience?

User experience (UX) proposes to focus the interaction
evaluation on ‘person’s perceptions and responses result-
ing from the use and/or anticipated use of a product’ (ISO
9241-210, 2010, 3). UX includes the dimensions of usabil-
ity (Law and van Schaik 2010) and concurrently attempts
to enlarge the assessment’s factors with a focus on cogni-
tive, aesthetics, and qualitative aspects of interaction
measured throughout time (Tractinsky 1997; Hassenzahl
2005; Hassenzahl and Tractinsky 2006; Petrie and Bevan
2009; Borsci et al. 2013; Borsci et al. 2015; Borsci et al.
2016; Bussolon 2016). UX practices were built upon

usability and interaction methodology, but also dealt
with methodological challenges due to lack of consistent
measures to reliably evaluate factors such as people expec-
tation (anticipated use), emotional reactions, etc. (Bargas-
Avila and Hornbæk 2011). From a historical point of
view, UX represented an attempt of practitioners from
different communities to go beyond the limits of tra-
ditional usability practice too focused on efficiency and
effectiveness of work-related systems, contexts, and
activities (Bargas-Avila and Hornbæk 2012). Neverthe-
less, it could be argued that building upon the strengths
of usability practice, UX also inherited its limitations. In
fact, fragmentation and heterogeneity of practices are
recognised in literature as issues that affect the UX field
(Lallemand, Gronier, and Koenig 2015).

Despite its limitations, the UX concept proposes an
enlargement of the way of measuring the human–arte-
facts interaction by focusing the evaluation on the quality
of the experience, which includes but it is not limited to
the quality of interaction i.e. usability. This quite recent
new concept had, in a short period of time, a pervasive
impact and diffusion across different communities of
practice. From that practitioners may derive two lessons.
First, it is possible to bring together different commu-
nities to work together and to diffuse a new set of prac-
tices. Therefore, this effort is feasible, and it could be
implemented to deal with the inherent challenges of
the usability practice. Second, the legitimate attempt to
react to the established practice of usability by shifting
to a broader construct of UX is struggling to produce a
harmonised and unified set of practice. In fact, UX was
built to include and enlarge usability without a real
effort to mitigate its limitations. This juxtaposition of

Figure 2. Number of publications (journal and conference articles) between 2007 and 2017 which referenced the ISO IEC 25062. Online
databases: Scopus, IEEEXplore and Science Direct; keywords: Usability, ISO IEC 25062; ISO 25062; Boolean operator AND/OR.
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the UX concept over the one of usability resulted on a
new construct of interaction built on unstable
foundations.

We are arguing that usability, intended as the measure
of quality of interaction, is the core of the UX, and it will
be the key part of any emerging construct of interaction
in the future. Therefore, to solve the fragmentation of
knowledge and know-how and to find solution to har-
monise the way of reporting evaluation data is an essen-
tial step to progress the entire interaction field and may
strongly benefit also the UX field and any future para-
digm of interaction evaluation. For this reason, we are
proposing, and concluding the present paper with, a
call to action to harmonise the usability practice across
communities.

4.2. A call to action

This work presents an alternative perspective on: (i)
knowledge fragmentation; and (ii) the unstable relation-
ship among the usability metrics affecting the scientific
community in the usability field.

The following two mitigation strategies were pro-
posed to harmonise the complexity in the usability field:

. Our hypothesis is that the issue of knowledge frag-
mentation is not due to the weakness and lack of use-
fulness of the ISO 9241-11. Evidence suggests that the
ISO 9241-11 provides a useful, solid, and flexible con-
struct to assess different types of products. The
umbrella definition serves as a basis to evaluate new
(unregulated) products or it is adapted by product-
specific standards to fit the specific product require-
ments. Knowledge fragmentation is originated by
the fact that specialised communities refer to the
same construct (ISO 9241-11) adapted by product-
specific standards. Change or improve the construct
will not enable a unified knowledge around usability.
In fact, each specialised community will continue to
seek adaptation (to enlarge or reduce the variables)
of the construct to fit the product requirements and
its context of use (Hertzum and Clemmensen 2012).
To reconcile this fragmentation, we proposed the
development of a meta-standard. This may provide
a unified framework for all the experts independently
from their community by also raising awareness
across the communities about how usability is charac-
terised, represented, and operationalised in other
fields. The last 20 years of literature and adaptations
of the ISO 9241-11 into product-specific standards
may be considered a solid cumulated knowledge,
which belongs to the industrial and scientific commu-
nities. Currently, a significant amount of practitioners

and researchers are only aware of (and apply) a small
amount of this knowledge i.e. the one related to their
specific area of interest.

. Our second hypothesis is that the unstable relation-
ship among the dimensions of ISO9241-11 is not
due to weaknesses in the construct to convey adequate
ways to represent and operationalise the usability
evaluation. In fact, it is a direct consequence of the
lack of adoption in the scientific field of a unified
way of data reporting (Theofanos and Quesenbery
2005; ISO IEC 25062, 2006). We proposed the devel-
opment of a RUS guideline to: (i) promote a unified
way to report usability studies in scientific literature;
and (ii) promote study replication and comparative
analysis. This unified way of reporting has not to be
intended as constraint, but as in other field it is only
a way to enable replicability by appropriately present:
methods, scenarios, (observed and unobserved) vari-
ables, limitations, etc.

We are not proposing that the meta-standard (first
mitigation strategy) and the RUS (second mitigation
strategy) are the only possible solutions to harmonise
knowledge and know-how in the usability field without
enforcing an unnecessary change of construct. However,
we believe that these solutions (or the identification of
alternative ones) are feasible only if different commu-
nities of practice pool together their efforts, as it hap-
pened for the definition and diffusion of the UX.

For instance, once that different community will agree
on a common agenda to deal with the usability issues we
discussed in the present paper and on how to operationa-
lise (our or alternative) mitigation strategies it will be
possible to perform in each community an Action
Research – intended as an approach to involve multiple
key player of a specific context/field in the resolution of
issues and in the definition and test of the solutions
(Argyris and Schön 1989; Marshall and Rossman 2014).

The real complexity of what we are proposing stands
from the fact that we are calling for a worldwide action
that has to involve as many as possible communities of
practice and operators e.g. academics, industries,
national and international associations, publishers etc.
We do believe that the solutions we proposed could be
considered a starting point for an international discus-
sion among communities to define an agenda and to
identify (or implement new) solutions to the usability
issues that each community alone may not achieve or
may fail to diffuse.

Only a large adhesion of multiple communities to an
international agenda could enable different key players
from different fields to: (i) work together to solve the
inherent issues of usability practice, (ii) agree and realise
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common solutions, and (iii) promote the use of those
solution. The development of a common framework
(Meta-standard and RUS) supported by a large number
of communities may, indeed, guarantee an impact in
terms of diffusion of appropriate solutions to harmonise
the usability field, and this may also have significant
benefit for emerging and unstable construct such as the
one of UX.
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