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Abstract: Software quality-in-use (QIU) provides a stakeholder centered framework for evaluating whether a software
product achieves beneficial outcomes within its specified context of use. Formalized in ISO/IEC 25019, QIU
extends beyond traditional usability testing by incorporating broader attributes related to stakeholder benefi-
cialness, acceptability, and freedom from risk. Despite this broader concept, many empirical studies continue
to operationalize QIU through usability testing. This narrowing to usability testing limits the comprehen-
siveness of QIU evaluations. Our position is that shortcomings in recent operationalizations of QIU exhibit
weaknesses in construct clarity, methodological rigor, and reporting practices. We present examples of QIU
studies that remain usability centric and identify critical methodological gaps that undermine their ability to
capture the multifaceted dimensions of QIU. To address these gaps, we propose three recommendations: (1)
clarifying QIU constructs and context of use, (2) improving methodological rigor, and (3) strengthening re-
porting practices. Finally, we outline our ongoing and future work to improve QIU evaluations to better reflect
its stakeholder and context centered foundations.

1 INTRODUCTION

Software systems have become a necessary factor in
our everyday activities in both personal and profes-
sional contexts. As our reliance on software contin-
ues to grow, it becomes imperative to evaluate and
enhance software quality throughout the software de-
velopment lifecycle.

Software quality can be evaluated using estab-
lished frameworks and standards. For example,
the ISO/IEC SQuaRE family of standards, particu-
larly the 25010 and 25019 standards, provide struc-
tured frameworks used to evaluate the internal, ex-
ternal, and quality-in-use (QIU) aspects of software
quality (ISO/IEC 25010:2023(E), 2023; ISO/IEC
25019:2023(E), 2023). While these standards define
measurable product characteristics, software success
ultimately depends on whether software systems sup-
port stakeholders to achieve meaningful goals within
their actual contexts of use. Thus, software quality
evaluations must extend beyond product properties to
include stakeholder perception, experience, and out-
comes.
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The ISO/IEC 25019 standard formalizes a way
to capture the stakeholder perspective through the
concept of QIU. Here, QIU is defined as “the ex-
tent to which the system or product, when used in
a specified context of use, satisfies or exceeds stake-
holders’ needs to achieve specified beneficial goals
or outcomes” (ISO/IEC 25019:2023(E), 2023). The
ISO/IEC 25019 standard explicitly incorporates mul-
tiple stakeholder groups, including direct and indirect
users, organizations, and societal elements, and em-
phasizes context-dependent goal attainment. Under
this framework, software quality is not solely about
code correctness or interface functionality, but about
whether software use produces beneficial, acceptable,
and risk-mitigated outcomes.

Despite the availability of standardized QIU
frameworks, many studies have operationalized soft-
ware quality through usability testing. Within
software usability engineering (SUE) and hu-
man–computer interaction (HCI) research, usability
testing provides systematic methods for assessing in-
teraction performance and user experience. Com-
mon measures include task success, efficiency, error
rates, and satisfaction (Bevan, 2009), often evaluated
through controlled or scenario-based studies (Horn-



bæk, 2006). These methods yield valuable insight
into interface-level performance and the effectiveness
of interaction design.

However, software usability represents only one
component of QIU. In the ISO/IEC 25019 standard,
usability is a subcharacteristic of beneficialness. Us-
ability only captures interaction quality rather than
the full spectrum of stakeholder outcomes defined
under QIU. While effective interaction is a neces-
sary precondition for high QIU, it is not sufficient
to demonstrate that stakeholders achieve beneficial,
acceptable, and safe outcomes in real-world con-
texts. Hence, evaluations centered exclusively on
usability-centered metrics overlook broader organi-
zational impacts, trust-related concerns, compliance
implications, and potential risks associated with soft-
ware use.

Although QIU has conceptually been articulated
since the early works by Bevan (Bevan, 1995) and
later formalized in ISO 9241-11, ISO/IEC 25010, and
ISO/IEC 25019, empirical studies and industry prac-
tice frequently conflate usability testing with QIU in
both study design and reporting. As a result, the mul-
tidimensional nature of stakeholder-centered software
success (i.e., QIU) is often reduced to interface-level
performance metrics.

Stated plainly, QIU is more than just usability (Ta-
ble 1). Our position is that the narrow focus on
usability limits the ability to capture a holistic un-
derstanding of stakeholder perception and decision-
relevant outcomes while using software to achieve
specific goals. We expand on this position by draw-
ing on findings from our systematic literature re-
view (Hastings and Reinhold, 2026), reported sepa-
rately, to identify recurring challenges in how QIU
is currently operationalized. Specifically, we ana-
lyze how current studies operationalize QIU by fo-
cusing on usability testing (i.e., by highlighting recur-
ring weaknesses in design and reporting) while ne-
glecting other aspects of QIU. In short, QIU is not be-
ing assessed comprehensively. Here, we propose rec-
ommendations to better align empirical practice with
QIU’s broader goals to measure the stakeholder per-
ceptions around system beneficialness, acceptance,
and freedom from risk. Failure to consider all aspects
of QIU results in severe consequences, such as high
financial costs, legal liability, and loss of life (Section
5; Table 2).

2 BACKGROUND &
MOTIVATION

When QIU is operationalized through usability test-
ing metrics alone, evaluations overlook broader QIU
dimensions such as stakeholder trust, societal im-
pacts, and software compliance. The conflation be-
tween QIU and usability testing originated in SUE
and HCI research during the 1970s and 1980s, when
the primary aim was to detect user-interface design
issues rather than to discover patterns with impli-
cations for overall software quality (Nielsen, 1994;
Hornbæk, 2006). Consequently, metrics such as task-
completion rates and heuristic evaluations became
proxies for stakeholder satisfaction. Over time, these
proxies fostered an implicit assumption that high us-
ability equates to high QIU.

Quality-in-use emerged as a response to the lim-
ited scope of traditional usability assessments focused
mainly on user-interface performance. The differen-
tiation between SUE, HCI, and QIU is illustrated in
Figure 1, where SUE and HCI are positioned as foun-
dational disciplines focused on system interaction and
design, while QIU represents the outcome-oriented
framework that encompasses and extends beyond us-
ability testing (ISO/IEC 25019:2023(E), 2023; Be-
van, 2009; Fukuzumi, 2022).

When comparing these three disciplines, a key
distinction lies in how stakeholder perception is con-
ceptualized and measured. For example, the concept
of user experience overlaps between HCI and QIU.
However, HCI investigates user experience as a psy-
chological and interactional phenomenon that encom-
passes user behaviors, cognitive processes, and affec-
tive responses, whereas QIU measures experience as
a quality outcome. Similarly, SUE integrates usabil-
ity attributes into the software development lifecy-
cle, whereas QIU evaluates the realized quality of use
once the system is deployed in its intended context.
These differences are reflected in the standards guid-
ing SUE, HCI, and QIU evaluations practices (i.e.,
ISO 9241, Nielsen, Mayhew, and ISO/IEC 25019).
In short, usability testing evaluates how well users in-
teract with a system, whereas QIU evaluates whether
that interaction produces meaningful, trusted, and
risk-mitigated outcomes in a real-world context (Ta-
ble 1).

Even as QIU was codified in international stan-
dards, many studies continued to use legacy usabil-
ity survey instruments (e.g., SUS (System Usability
Scale), SUMI (Software Usability Measurement In-
ventory)) as proxies for QIU constructs (e.g., high
user satisfaction equates to high user acceptability
and beneficialness) (Bevan, 2009). The convenience



Table 1: Comparison of usability and QIU definitions, focus, key metrics, primary stakeholders, and summary.

Aspect Usability1 Quality-in-use2

Definition 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.

The extent to which the system or product, when used in a specified
context of use, satisfies or exceeds stakeholders’ needs to achieve
specified beneficial goals or outcomes.

Focus User interaction with the software system (e.g.,
learnability, ease of use, etc.).

Stakeholder beneficialness, acceptability, and risk mitigation of
software in a given context of use.

Key metrics Effectiveness (task completion rate), efficiency (time on
a task), and satisfaction (often user perception),
functionality (does the system do what it is supposed to
do)

Beneficialness (extent of benefit resulting from the use of a product,
system or service; evaluated as usability (i.e., effectiveness, efficiency,
& satisfaction), accessibility, & suitability), acceptability (the end user
responds favorably to the installation or use of a product; evaluated as
experience, trustworthiness, & compliance), and freedom from risk
(extent to which a product or system mitigates the potential risk to
economic status, human life, health, society, financial values,
enterprise activities, or the environment). NOTE: Usability is a
subattribute of beneficialness (Figure 1).

Primary stakeholders End users interacting with a system Multiple stakeholders, including end users, organizations, or societal
elements

Summary Concerned with how efficiently, effectively, and
satisfactorily users can interact with the system to
achieve their goals.

Concerned with whether the system as a whole delivers beneficial
outcomes, acceptable experiences, and mitigates risk for all
stakeholders in its actual context of use.

1Definitions shown exactly as presented by Bevan (Bevan, 2009)

2Definition shown exactly as presented in the ISO/IEC 25019:2023 standard (ISO/IEC 25019:2023(E), 2023)

Figure 1: Conceptual differentiation between Software Us-
ability Engineering (blue), Human-Computer Interaction
(red), and Quality-in-Use (orange). Software engineering
focuses on systematic processes for designing and testing
usability attributes. Human-Computer Interaction focuses
on interaction design, cognitive factors, and user experience
phenomena. Quality-in-Use, as defined in ISO/IEC 25010
and 25019, evaluates stakeholder benefit, acceptance, and
risk mitigation efforts arising from software use and out-
comes in real contexts of use. Overlapping regions empha-
size the shared concerns (e.g., effectiveness, efficiency, sat-
isfaction), while the outer regions highlight distinctions be-
tween disciplines. Figure made using Draw.io.

and familiarity of these tools, combined with small-
sample, low-cost evaluation norms, has fueled the on-
going conflation (Hertzum, 2016).

Contemporary SUE and HCI evaluation practices
also rely on automated analytics or narrowly scoped
user studies that emphasize measurable interface met-
rics (Schaffernak et al., 2025; Verdecchia et al., 2023).
While valuable, these approaches overlook the con-
textual, behavioral, and perceptual dimensions that
QIU was designed to capture. This highlights the
deeper challenge researchers often face when inherit-
ing frameworks optimized for usability testing rather
than assessing human-centered quality outcomes in
their context of use.

This persistent misalignment motivates our dis-
cussion. To realize the human-centered and evidence-
driven intent of QIU, software evaluation must move
toward methods that capture how software fulfills
stakeholder uses and goals within its specific context
of use.

3 CHALLENGES

Although QIU is a comprehensive construct encom-
passing beneficial outcomes, acceptability, and free-
dom from risk within a specified context of use in in-
ternational standards, most QIU evaluations remain
narrow in scope and application. Informed by find-
ings from our prior work (Hastings and Reinhold,
2026), where we systematically reviewed 38 stud-



ies evaluating software QIU between the years of
2014-2024, this position paper identifies three recur-
ring challenges: (1) QIU approached as a usabil-
ity study, (2) methodological shortcomings, and (3)
missed opportunities from study findings. We high-
light representative evidence from our literature re-
view in the following paragraphs to motivate and sup-
port these claims.
Operationalization Challenge 1: QIU Approached
as a Usability Study. QIU is defined as a com-
prehensive construct encompassing both human per-
ception and contextual product outcomes. However,
many studies continue to operationalize QIU nar-
rowly through usability-focused evaluations. For ex-
ample, Khairani et al. (Khairani et al., 2020) frame
their contribution in terms of QIU but primarily rely
on traditional usability measures (i.e., effectiveness,
efficiency, and satisfaction) to assess online educa-
tion platforms. Similarly, Wulandari et al. (Wulandari
et al., 2018) evaluate QIU through interface layout
and user feedback on ease of use rather than broader
QIU attributes.

This pattern persists across software application
domains. Indeed, these studies illustrate a recur-
ring methodological issue. That is, QIU is invoked
to justify evaluation frameworks but not operational-
ized according to its broader definition. Conse-
quently, human-perceived software quality is primar-
ily evaluated through usability constructs, overlook-
ing broader QIU attributes. In practice, attributes such
as trustworthiness, accessibility, suitability for use,
and freedom from risk are either omitted or treated
implicitly, rather than measured and interpreted as
QIU outcomes.
Operationalization Challenge 2: Methodological
Shortcomings. Although QIU evaluations can be
conducted using manual, automated, or hybrid meth-
ods, most studies rely on approaches that do not fully
support QIU’s outcome-oriented intent of demonstrat-
ing beneficial outcomes, acceptability, and freedom
from risk for relevant stakeholders in a specified con-
text of use.

Manual methods, such as those employed by Wu-
landari et al. (Wulandari et al., 2018), utilize user
testing or heuristic evaluation to identify usability is-
sues, often with a focus on satisfaction or ease of use
outcomes (Bevan, 2009). Manual methods provide
valuable insights but typically employ usability sur-
vey instruments (i.e., SUS or SUMI). These instru-
ments are commonly used to capture aspects related
to satisfaction and perceived ease of use, efficiency,
or learnability (Bevan, 2009). Additionally, many
studies involve small samples and limited replicabil-
ity (Hertzum, 2016), limiting their ability to general-

ize QIU beyond interface performance.
Automated approaches, on the other hand, use

computational frameworks to evaluate quality at-
tributes without direct stakeholder involvement. For
example, Tsuda et al. (Tsuda et al., 2019) automate
the measurement of quality characteristics, but em-
phasize product metrics (e.g., performance, reliabil-
ity) rather than stakeholder-perceived QIU attributes.
While such characteristics can influence QIU, they do
not directly show evidence of system beneficialness,
acceptability, or freedom from risk for stakeholders
in a specified context of use. We argue that while au-
tomated evaluations improve reproducibility, they run
the risk of oversimplifying the human-centered con-
structs QIU was designed to represent.

Researchers have attempted to combine the ben-
efits of manual and automated methods using hybrid
approaches. For instance, Ben Ayed et al. (Ben Ayed
et al., 2016) combine subjective questionnaires with
objective log analysis, which provide richer contex-
tual insights relative to single-modality evaluations.
However, even hybrid approaches retain a usability-
centric focus, using QIU terminology while still em-
phasizing effectiveness and efficiency over additional
attributes. They also focus on usability instruments
to determine satisfaction, while using system logs as
proxies for behavioral or performance indicators in-
terpreted in relation to QIU attributes. Without ex-
plicit construct mapping to QIU, log measures run the
risk of being treated as stand-ins for human-centered
outcomes. While hybrid methods are employed to
characterize QIU and proffer some advantages over
manual and automated approaches, as currently de-
ployed, they do not yet fully capture human percep-
tion.

Overall, these methodological trends reveal that,
while the literature recognizes the importance of QIU,
empirical practice remains constrained by usability-
driven evaluation traditions. This constraint limits
both the generalizability and interpretive depth of
QIU as a human-centered construct, which motivates
the need for explicit QIU construct mapping, richer
context of use specification, and transparent report-
ing.
Operationalization Challenge 3: Missed Opportuni-
ties from Study Findings. A recurring challenge in
QIU research is the lack of substantive discussion or
follow-up investigation of study findings. Many pa-
pers identified user feedback or weaknesses in sys-
tem design, but did not relate these issues to QIU at-
tributes or acknowledge them as potential limitations
to software quality. This limits cross-study synthesis
because results cannot be compared or aggregated at
the level of QIU concepts.



For example, Delano et al. (Delano et al., 2018)
report that participants provided feedback identifying
quality weaknesses, specifically noting weaknesses in
system implementation and security in their software.
However, the authors dismissed these points as “not
the focus of this study” and did not address them as
future work (Delano et al., 2018). Similarly, Jimenéz-
Honrado et al. (Jiménez-Honrado et al., 2024) iden-
tified interface-level issues and minor usability con-
cerns but did not connect them to other QIU attributes,
such as suitability, trustworthiness, or freedom from
risk.

Such limited interpretation of findings suggests
that many QIU studies treat user responses as end-
points rather than sources of diagnostic insight.
When issues are acknowledged, they are often de-
scribed qualitatively and detached from the broader
QIU framework, which hinders the accumulation of
knowledge across studies. This omission undermines
one of the key intentions of QIU, which is to evalu-
ate whether stakeholders achieve beneficial goals and
outcomes in a specified context of use. A compre-
hensive treatment of results, including reflection on
contextual shortcomings and their implications, is es-
sential to advancing QIU as an evidence-driven eval-
uation framework.

4 RECOMMENDATIONS

The challenges identified in Section 3 highlight the
need for stronger theoretical grounding (such as in
the ISO/IEC 25019 standard) and transparency in em-
pirical QIU evaluations. To advance QIU as a rigor-
ous and human-centered construct, we propose three
recommendations: (1) clarify QIU constructs and
context of use, (2) improve methodological rigor,
and (3) strengthen reporting practices. These rec-
ommendations are designed to align research prac-
tices with the intent of QIU, promoting comparability,
reproducibility, and interpretive depth across evalua-
tions.

Recommendation 1: Clarify QIU Constructs
and Context of Use. We recommend that
researchers and practitioners explicitly de-
fine how QIU attributes are operationalized
within their studies. This includes speci-
fying relevant user groups, task characteris-
tics, and environmental constraints that shape
how each QIU construct is interpreted in rela-
tion to the context of use, stakeholder type,
and intended beneficial outcomes (ISO/IEC

25019:2023(E), 2023). Additionally, studies
should include a construct-to-measurement
mapping table that links QIU concepts to
the corresponding instruments, data sources,
and interpretation rules. This process should
also involve reconsidering findings initially
deemed irrelevant (e.g., trust concerns, com-
pliance issues, or contextual constraints raised
by participants), as these may indicate gaps
or misalignment in the operationalization of
QIU dimensions. By explicitly defining
and reporting these mappings, researchers
and practitioners reduce conceptual ambigu-
ity, strengthen construct validity, and enable
consistent comparison and replication across
studies and software domains.
Recommendation 2: Improve Methodologi-
cal Rigor. To enhance methodological rigor,
we recommend that QIU evaluations inte-
grate multiple data sources, instruments, and
evaluators. Hybrid designs that combine
subjective feedback with objective log-based
measures or performance analytics strengthen
methodological rigor and interpretive robust-
ness relative to single-modality evaluations.
Such designs strengthen traceability between
QIU attributes, measurement instruments, and
data interpretation, thereby improving trans-
parency and replicability.
While hybrid designs strengthen rigor through
methodological triangulation, manual meth-
ods can also advance methodological rigor
when systematically and transparently ap-
plied. For example, Hastings and Reinhold
(Hastings and Reinhold, 2023) operational-
ized QIU for complex environmental model-
ing applications. Their goal was to evalu-
ate how effectively such tools support scien-
tists’ decision-making during software selec-
tion. In this study, they systematically oper-
ationalized the ISO/IEC 25010 QIU standard
by decomposing its components and subcom-
ponents into measurable metrics and evalu-
ated how each software tool mapped to each
QIU criteria. This enhanced traceability be-
tween QIU subcharacteristics and the evalua-
tion criteria. This structured manual approach
allowed Hastings and Reinhold to recommend
tools that supported environmental scientists
in achieving their research goals while mini-
mizing financial costs.
Together, these approaches illustrate that
methodological rigor in QIU evaluation de-



pends on systematic application of evalua-
tion criteria and transparent procedural de-
sign. Careful mapping of QIU concepts to
human-centered considerations provides re-
searchers and practitioners with a systematic
basis for comparing results across domains
and applications. However, even with rigor-
ous methodological design, internal validity
remains central, as evaluation outcomes de-
pend on the consistent and transparent appli-
cation of QIU criteria within the study con-
text.
Recommendation 3: Strengthen Reporting
Practices. We recommend that QIU evalua-
tions adopt rigorous reporting standards con-
sistent with empirical software engineering
practices. This includes systematically doc-
umenting, analyzing, and integrating stake-
holder feedback into formal reports to inform
necessary improvements in software qual-
ity (e.g., using shared reporting templates
such as the ISO/IEC 25019 Annexes). Re-
ports should clearly describe study design,
data sources, evaluation criteria, and inter-
pretation procedures to facilitate study repli-
cation and auditability. Transparent dis-
cussion of both positive and negative re-
sults improves credibility and enables fu-
ture researchers to identify gaps, limitations,
and opportunities for refinement in exist-
ing QIU evaluations. Additionally, reflect-
ing on how contextual or environmental fac-
tors that influence stakeholder perceptions–
important distinctions in QIU evaluations–
strengthens transparency and supports the
human-centered objectives of QIU.

In summary, these recommendations empha-
size that QIU evaluations benefit from moving be-
yond usability-centered assessment toward a holistic,
transparent, and context-aware empirical approach.
By clarifying constructs, improving methodologi-
cal rigor, and strengthening reporting practices, re-
searchers can better align empirical work with the
foundational intent of QIU. Doing so can reduce
harmful outcomes from software use.

Collectively, these recommendations strengthen
construct validity (through clearer operationaliza-
tion), internal validity (through rigorous methodolog-
ical design), and external validity (through transpar-
ent reporting and comparability). Without their de-
liberate adoption and application, empirical QIU re-
search risks continued conceptual dilution and limited
cumulative knowledge building.

5 RECOMMENDATIONS IN
PRACTICE

To illustrate the utility of heeding the recommenda-
tions identified in Section 4, we present a set of real-
world scenarios (Table 2). These scenarios demon-
strate how the ISO/IEC 25019 standard can be applied
to evaluate multiple QIU attributes to support robust,
human-centered software quality. Importantly, the
scenarios extend beyond traditional usability-focused
evaluations by explicitly incorporating the broader
QIU attributes defined in the ISO/IEC 25019 stan-
dard. The presented scenarios span multiple system
domains (e.g., medical, avionics, and public-facing
systems) and levels of criticality, including safety-
critical systems.

From these scenarios, we illustrate how neglecting
specific QIU attributes can lead to severe human, or-
ganizational, and societal consequences. Across these
domains, failures were not solely usability failures,
but breakdowns in beneficialness, acceptability, and
freedom from risk. These scenarios are not intended
as exhaustive case studies. Rather, they serve as illus-
trative examples of how QIU can be systematically
operationalized to bridge the gap between standards
and practice.

To operationalize QIU evaluation in these scenar-
ios, we conceptually map each of the presented sys-
tem domains to relevant ISO/IEC 25019 characteris-
tics and subcharacteristics and identify how these at-
tributes could be assessed in practice. Assessments
include a combination of (1) human-centered evalu-
ation methods (e.g., user testing, surveys, and expert
review), (2) system-level validation (e.g., simulation
testing, verification of outputs, and failure mode anal-
ysis), and (3) context-of-use analysis (e.g., evaluating
environmental conditions, user expertise, and opera-
tional constraints). This multi-method approach re-
flects how QIU can be evaluated in practice, where
both technical system behavior and user interaction
must be considered jointly.

Beyond illustrating how QIU can be applied in
practice, the scenarios also highlight the trade-off be-
tween implementation costs and realized benefits. In
the presented scenarios, we estimated implementation
costs based on the level of effort, resources, and sys-
tem complexity required to conduct QIU evaluations
within each context of use. Specifically, costs were
categorized as “Very High” when evaluations require
simulation-based validation, extensive human-in-the-
loop testing, or integration with complex sensor or
safety-critical systems; “High” when evaluations in-
volve substantial code review, expert assessment, and
context-of-use testing without full system simulation;



Ta
bl

e
2:

R
ea

l-
w

or
ld

sc
en

ar
io

s
de

m
on

st
ra

tin
g

ho
w

th
e

IS
O

/I
E

C
25

01
9

st
an

da
rd

co
ul

d
be

op
er

at
io

na
liz

ed
in

pr
ac

tic
e,

al
on

g
w

ith
im

pa
ct

ed
st

ak
eh

ol
de

rs
an

d
im

pl
em

en
ta

tio
n

co
st

s
an

d
be

ne
fit

s. Sc
en

ar
io

Sy
st

em
D

om
ai

n
Q

IU
R

ec
om

m
en

da
tio

ns
St

ak
eh

ol
de

rs
Im

pa
ct

ed
Im

pl
em

en
ta

tio
n

C
os

ts
Im

pl
em

en
ta

tio
n

B
en

efi
ts

T
he

ra
c-

25
R

ad
ia

tio
n

T
he

r-
ap

y
Sy

st
em

(E
th

ic
s

U
n-

w
ra

pp
ed

,U
ni

ve
rs

ity
of

Te
xa

s
at

A
us

tin
,)

M
ed

ic
al

(s
af

et
y-

cr
iti

ca
l)

B
en

efi
ci

al
ne

ss
:V

al
id

at
e

us
ab

ili
ty

an
d

su
it-

ab
ili

ty
of

ra
di

at
io

n
do

se
s

de
liv

er
ed

un
de

rr
ea

l
cl

in
ic

al
co

nd
iti

on
s;

en
su

re
us

ab
ili

ty
th

ro
ug

h
re

du
ce

d
co

gn
iti

ve
lo

ad
.A

cc
ep

ta
bi

lit
y:

Im
-

pr
ov

e
ex

pe
ri

en
ce

an
d

tr
us

tw
or

th
in

es
s

th
ro

ug
h

tr
an

sp
ar

en
ts

ys
te

m
fe

ed
ba

ck
an

d
er

ro
rm

es
-

sa
gi

ng
;e

nf
or

ce
co

m
pl

ia
nc

e
w

ith
m

ed
ic

al
so

ft
w

ar
e

st
an

da
rd

s.
Fr

ee
do

m
fr

om
R

is
k:

E
xp

lic
itl

y
ev

al
ua

te
an

d
m

iti
ga

te
ri

sk
s

to
hu

-
m

an
lif

e
th

ro
ug

h
in

de
pe

nd
en

ts
af

et
y

fe
at

ur
es

an
d

fa
il-

sa
fe

m
ec

ha
ni

sm
s.

Te
ch

ni
ci

an
s,

ph
ys

i-
ci

an
s,

pa
tie

nt
s,

ho
sp

i-
ta

ls
,s

of
tw

ar
e

ve
nd

or

H
ig

h:
Fo

rm
al

ve
r-

ifi
ca

tio
n;

sa
fe

ty
au

di
ts

;i
nt

er
fa

ce
re

-
de

si
gn

;e
xt

en
de

d
cl

in
ic

al
te

st
in

gs

Pr
ev

en
tio

n
of

fa
ta

l
ov

er
do

se
s;

re
du

ce
d

le
-

ga
l

lia
bi

lit
y;

in
cr

ea
se

d
tr

us
t

in
m

ed
ic

al
so

ft
-

w
ar

e;
lo

ng
-t

er
m

co
st

sa
vi

ng
s

fr
om

av
oi

de
d

re
ca

lls
an

d
lit

ig
at

io
n

B
oe

in
g

V
-2

2
O

sp
re

y
Fl

ig
ht

C
on

tr
ol

So
ft

-
w

ar
e

(T
he

A
ir

C
ur

re
nt

,
)

A
vi

on
ic

s
(m

il-
ita

ry
;s

af
et

y-
cr

iti
ca

l)

B
en

efi
ci

al
ne

ss
:A

ss
es

s
th

e
us

ab
ili

ty
an

d
su

ita
bi

lit
y

of
au

to
m

at
io

n
in

a
w

id
e

ra
ng

e
of

op
er

at
io

na
lc

on
te

xt
s.

A
cc

ep
ta

bi
lit

y:
Im

pr
ov

e
ex

pe
ri

en
ce

an
d

tr
us

tw
or

th
in

es
s

by
al

ig
n-

in
g

au
to

m
at

io
n

be
ha

vi
or

w
ith

pi
lo

tm
en

ta
l

m
od

el
s;

en
fo

rc
e

co
m

pl
ia

nc
e

by
st

re
ng

th
en

-
in

g
tr

ac
ea

bi
lit

y
be

tw
ee

n
re

qu
ir

em
en

ts
,i

m
-

pl
em

en
ta

tio
n,

an
d

tr
ai

ni
ng

.F
re

ed
om

fr
om

R
is

k:
Sy

st
em

at
ic

al
ly

ev
al

ua
te

fa
ilu

re
m

od
es

af
fe

ct
in

g
hu

m
an

lif
e

an
d

so
ci

et
al

sa
fe

ty
.

Pi
lo

ts
an

d
cr

ew
,

m
ai

nt
en

an
ce

pe
r-

so
nn

el
,m

ili
ta

ry
or

-
ga

ni
za

tio
ns

,d
ef

en
se

co
nt

ra
ct

or
s,

ci
vi

lia
n

po
pu

la
tio

ns

Ve
ry

H
ig

h:
Si

m
ul

at
io

n-
ba

se
d

te
st

in
g,

hu
m

an
-

in
-t

he
-l

oo
p

ev
al

-
ua

tio
ns

,m
ul

tid
is

-
ci

pl
in

ar
y

de
si

gn
re

vi
ew

s,
tr

ai
ni

ng
up

da
te

s

R
ed

uc
ed

fa
ta

l
ac

-
ci

de
nt

s;
im

pr
ov

ed
m

is
si

on
su

cc
es

s;
in

-
cr

ea
se

d
pi

lo
t

tr
us

t;
lo

w
er

lo
ng

-t
er

m
op

-
er

at
io

na
l

an
d

tr
ai

ni
ng

co
st

s

B
oe

in
g

73
7

M
A

X
M

C
A

S
Sy

st
em

(T
hi

nk
R

el
ia

bi
lit

y,
)

A
vi

on
ic

s
(c

om
-

m
er

ci
al

;s
af

et
y-

cr
iti

ca
l)

B
en

efi
ci

al
ne

ss
:V

al
id

at
e

th
e

us
ab

ili
ty

of
pi

-
lo

ts
re

co
ve

ri
ng

fr
om

au
to

m
at

io
n

fa
ilu

re
s.

A
cc

ep
ta

bi
lit

y:
Im

pr
ov

e
tr

us
tw

or
th

in
es

s
an

d
ex

pe
ri

en
ce

th
ro

ug
h

ex
pl

ai
na

bl
e

au
to

m
at

io
n

be
ha

vi
or

an
d

al
ig

ne
d

tr
ai

ni
ng

;e
nf

or
ce

co
m

-
pl

ia
nc

e
by

en
su

ri
ng

ce
rt

ifi
ca

tio
n

re
fle

ct
s

re
al

op
er

at
io

na
lc

om
pl

ex
ity

an
d

co
nt

ex
to

fu
se

.
Fr

ee
do

m
fr

om
R

is
k:

Tr
ea

ts
in

gl
e-

se
ns

or
de

-
pe

nd
en

cy
as

un
ac

ce
pt

ab
le

ri
sk

to
hu

m
an

lif
e.

Pi
lo

ts
,a

ir
lin

e
op

er
-

at
or

s,
pa

ss
en

ge
rs

,
av

ia
tio

n
re

gu
la

to
rs

,
m

an
uf

ac
tu

re
rs

H
ig

h:
Se

ns
or

re
-

du
nd

an
cy

,s
of

tw
ar

e
re

de
si

gn
,p

ilo
tr

e-
tr

ai
ni

ng
,c

er
tifi

ca
-

tio
n

re
w

or
k

L
iv

es
sa

ve
d;

av
oi

da
nc

e
of

fle
et

gr
ou

nd
in

gs
;

re
st

or
at

io
n

of
or

ga
ni

za
-

tio
na

l
tr

us
t;

lo
ng

-t
er

m
fin

an
ci

al
st

ab
ili

ty

Q
ue

st
A

cc
es

si
bi

lit
y

K
io

sk
s

(K
io

sk
In

du
st

ry
A

ss
oc

ia
tio

n,
)

Pu
bl

ic
-f

ac
in

g
(n

on
sa

fe
ty

-
cr

iti
ca

l)

B
en

efi
ci

al
ne

ss
:I

m
pr

ov
e

us
ab

ili
ty

by
al

lo
w

-
in

g
al

lu
se

rs
to

co
m

pl
et

e
ta

sk
s

in
de

pe
nd

en
tly

;
ac

ce
ss

ib
ili

ty
en

su
re

s
ki

os
k

in
te

ra
ct

io
n

su
p-

po
rt

s
us

er
s

w
ith

m
ob

ili
ty

,v
is

io
n,

an
d

re
ac

h
co

ns
tr

ai
nt

s.
A

cc
ep

ta
bi

lit
y:

Im
pr

ov
e

us
er

ex
-

pe
ri

en
ce

an
d

co
m

pl
ia

nc
e

w
ith

ac
ce

ss
ib

ili
ty

re
gu

la
tio

ns
.F

re
ed

om
fr

om
R

is
k:

M
iti

ga
te

so
ci

et
al

an
d

ec
on

om
ic

ri
sk

s
re

la
te

d
to

ex
cl

u-
si

on
an

d
le

ga
ln

on
-c

om
pl

ia
nc

e.

Pa
tie

nt
s,

ca
re

gi
ve

rs
,

de
pl

oy
in

g
or

ga
ni

-
za

tio
ns

,r
eg

ul
at

or
s,

ad
vo

ca
cy

gr
ou

ps

L
ow

–M
ed

iu
m

:I
n-

te
rf

ac
e

re
de

si
gn

,
ph

ys
ic

al
ha

rd
w

ar
e

ad
ju

st
m

en
ts

,a
cc

es
-

si
bi

lit
y

te
st

in
g,

st
af

f
tr

ai
ni

ng

L
eg

al
co

m
pl

ia
nc

e;
ex

-
pa

nd
ed

us
er

ba
se

;
im

-
pr

ov
ed

pu
bl

ic
pe

rc
ep

-
tio

n;
re

du
ce

d
lit

ig
at

io
n

an
d

lo
ss

to
re

pu
ta

tio
n

ri
sk

s



and “Low-Medium” when evaluations are applied to
non safety-critical systems with lower technical com-
plexity but potential organizational or legal implica-
tions.

In addition, we determined the implementation
benefits by considering the severity and scope of po-
tential consequences associated with QIU failures in
each scenario. These benefits range from prevent-
ing loss of human life in safety-critical systems to
improving user experience, trust, accessibility, and
decision-making in public-facing or organizational
systems. Thus, benefits are interpreted in terms of
risk mitigation, stakeholder protection, and improved
system outcomes. These categorizations are intended
to provide a comparative, rather than quantitative, as-
sessment of cost and benefit across domains.

While the investment required to evaluate and in-
tegrate QIU assessments may be non-trivial, the po-
tential benefits scale significantly with stakeholder
impact and system criticality. In safety-critical con-
texts, neglecting QIU can contribute to cascading fail-
ures that place human life at risk, whereas in public-
facing or organizational systems the consequences
may manifest as exclusion, loss of trust, financial li-
ability, or reputational harm. Thus, the appropriate
depth of QIU evaluation should be proportional to
system criticality and stakeholder risk exposure. The
cost–benefit framing in Table 2 therefore reinforces
that QIU should not be treated as an optional usability
enhancement, but as a strategic and, in some domains,
ethically necessary dimension of software quality.

6 ONGOING & FUTURE WORK

While we can examine systems from historical per-
spectives and reflect on how they could have been im-
proved, as we did in Section 5, it is equally important
to establish a framework that proactively bridges the
gap between standards and practice. Our ongoing and
future work strives to address this need, as translating
QIU standards into actionable evaluations remains a
persistent challenge across software domains.

First, we are operationalizing the ISO/IEC 25010
and ISO/IEC 25019 standards across several software
application domains, ranging from empirical stud-
ies on scientific software applications (Hastings and
Reinhold, 2023; Hastings et al., 2026) to planned
studies in cybersecurity tools. In our prior work, we
developed and applied a QIU-based evaluation frame-
work to support scientific software selection, demon-
strating how multiple QIU considerations (e.g., free-
dom from economic risk, trustworthiness) influence
the identification of “best fit” software for achieving

stakeholder goals and outcomes (Hastings and Rein-
hold, 2023). These findings illustrate the importance
of looking beyond usability to assess software quality
in a holistic and decision-relevant manner.

Second, we are identifying recurring frustra-
tions experienced by end users in their professional
software contexts. These challenges are identified
through empirical studies of scientific software (Hast-
ings et al., 2026) and will be extended in future work
to additional domains, including cybersecurity tools
for vulnerability detection and intrusion detection, as
well as Software Bill of Materials tools. By reporting
on QIU considerations that are not being achieved,
particularly those affecting user perception, experi-
ence, and outcomes, this work provides targeted rec-
ommendations to developers on where software im-
provements are needed to strengthen QIU.

For future work, we will develop a structured
documentation and recommendation framework to
support researchers and practitioners in strengthen-
ing QIU reporting and dissemination practices. The
framework will explicitly record the QIU standard ap-
plied, the specific QIU considerations evaluated, the
defined context of use, and the observed outcomes
of assessment. By requiring this level of construct-
level traceability, the approach promotes greater clar-
ity in how QIU attributes are operationalized and in-
terpreted.

Extending beyond documentation, our instan-
tiation of the framework will generate targeted,
construct-aligned recommendations to guide software
improvement and identify under-evaluated QIU di-
mensions. Rather than functioning solely as a check-
list, it will serve as a scaffold that integrates construct
mapping, contextual specification, evaluation-method
alignment, and standardized reporting into a coherent
and repeatable workflow.

By formalizing these elements, our instantiation
of the framework is intended to operationalize Rec-
ommendations 1–3 into a repeatable and transparent
process. This structure is intended to improve internal
validity, enhance reproducibility, and facilitate cross-
study comparability. Ultimately, this work advances
QIU evaluation from an ad hoc usability-centric prac-
tice toward a systematic, synthesis ready methodol-
ogy that faithfully reflects QIU.

7 CONCLUSION

Quality-in-use represents a critical advancement in
how software quality is conceptualized and evalu-
ated. However, limitations exist in how QIU has been
operationalized, as legacy usability frameworks that



emphasize interface performance over a contextual
human perspective remain the prevailing approach.
This ongoing challenge obscures the broader intent
of QIU, which is to capture how software supports
stakeholders achieving goals and outcomes (ISO/IEC
25019:2023(E), 2023). As illustrated in Table 2, fail-
ure to achieve these goals can result in dire conse-
quences, including death.

Through our examination, we identified recurring
challenges: (1) the conflation of QIU with usabil-
ity testing, (2) limited methodological rigor and con-
struct clarity, and (3) restrained discussion of find-
ings and their implications. Collectively, these is-
sues weaken the empirical soundness and interpretive
value of current QIU studies, constraining their con-
tribution to the advancement of human-centered soft-
ware quality evaluation.

To address these challenges, our position is
that future studies prioritize conceptual clarity,
methodological rigor, and reporting practices. Ad-
hering to these recommendations will enhance the
credibility and comparability of QIU research. Such
practices not only align with the principles of QIU
but also reinforce the broader goal of human-centered
software evaluation.

To bridge the gap from challenges to practice, we
will develop a documentation and recommendation
framework, instantiated as a tool. The goal of this
tool is to assist researchers and practitioners in mov-
ing beyond usability studies labeled as QIU, increase
reporting rigor, and generate targeted recommenda-
tions for QIU considerations to include when evaluat-
ing software.

Ultimately, advancing QIU research requires in-
tegrating methodological rigor with software evalu-
ated in its context of use. By grounding evalua-
tions in human perspective while maintaining trans-
parency, researchers and practitioners close the gap
between QIU assessments and their original con-
ceptual foundations, producing software quality out-
comes that are both measurable and meaningfully re-
flective of stakeholder perception. Without this shift,
QIU risks remaining a terminological extension of us-
ability rather than a distinct, outcome-oriented frame-
work for human-centered software quality.
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