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Health information systems are our technolog-
ical response to the growing demand for health 
care. However, their success in their mission can 
be challenging due to the complexity of evaluat-
ing technological interventions in health care. In 
the series of studies compiled in this dissertation, 
we looked at the evaluation of these systems. The 
dissertation is focused on the evaluation of factors 
that lead to success, where success is indicated by 
user satisfaction and can be induced by both inter-
vention-specific and individual-specific factors.

Study 1 developed a method, called UVON, to 
elicit and organise the user-demanded qualities in 
the outcomes of the health information system in-
tervention. Through the application of the UVON 
method in the FI-STAR project, an EU project 
which developed and deployed seven e-health ap-
plications in seven member countries, ten catego-
ries of quality and their subcategories were iden-
tified. These qualities formed two questionnaires, 
specific to the patient and health professional us-
ers. Through the questionnaires, the patients and 
health-professionals users evaluated and graded 
both the occurrence of those demanded qualities 
in the project outcomes and their general satis-
faction.

Study 2 analysed the survey results to find out 
which of those ten qualities have the highest im-
pact on satisfaction or can predict it better. Two 
partial least squares structural equation model-
ling (PLS-SEM) models were constructed, for the 
patient and health professionals, based on the 
Unified eValuation using ONtology (UVON) and 
survey outputs. The models showed that effective-
ness is an important quality in creating satisfaction 
for both user groups. Besides, affordability for the 
health professionals and efficiency plus safety for 

the patients were the most influential. A satisfac-
tion index is also introduced for simple and fast 
inferring of the changes in the outcome qualities.

Study 5 recruited outputs and learnings from stud-
ies 1 and 2 to design a system that partially auto-
mates the process of evaluating success factors in 
health information systems, making it continuous 
and real-time, and replacing hard-to-run surveys 
with automatically captured indicators and analyt-
ics.

Study 3 focused on individual-specific factors in 
using health information systems, particularly the 
technophilia personality trait. A short six-items 
instrument, called TechPH, was designed to meas-
ure technophilia in users, tuned for older users. 
The study recruited empirical data from the Swed-
ish National Study on Aging and Care (SNAC) 
project. Two factors, labelled techAnxiety and 
techEnthusiams, are identified by the factor analy-
sis method. A TechPH score was introduced as a 
scalar measurement of technophilia.

Study 4 elicited and discussed the ethical challeng-
es of evaluating and researching health information 
systems. Both a scoping review and a novel sys-
tematic postulation approach were recruited to 
identify twenty ethical challenges. The identified 
ethical challenges were discussed and mapped into 
a three-dimensional space of evaluation stages, 
demanded qualities, and major involving entities 
(stakeholder and artefacts), which fosters further 
postulation of ethical challenges.
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:background and summary of
all studies

:study I and II

Abstract

Health information systems are our technological response to the
growing demand for health care. However, their success in their

mission can be challenging due to the complexity of evaluating techno-
logical interventions in health care. In the series of studies compiled
in this dissertation, we looked at the evaluation of these systems. The
dissertation is focused on the evaluation of factors that lead to success,
where success is indicated by user satisfaction and can be induced by
both intervention-specific and individual-specific factors.

Study I developed a method, called UVON, to elicit and organise
the user-demanded qualities in the outcomes of the health information
system intervention. Through the application of the UVON method
in the FI-STAR project, an EU project which developed and deployed
seven e-health applications in seven member countries, ten categories of
quality and their subcategories were identified. These qualities formed
two questionnaires, specific to the patient and health professional users.
Through the questionnaires, the patients and health-professionals users
evaluated and graded both the occurrence of those demanded qualities
in the project outcomes and their general satisfaction.

Study II analysed the survey results to find out which of those ten
qualities have the highest impact on satisfaction or can predict it bet-
ter. Two partial least squares structural equation modelling (PLS-SEM)
models were constructed, for the patient and health professionals, based
on the Unified eValuation usingONtology (UVON) and survey outputs.
The models showed that effectiveness is an important quality in creating
satisfaction for both user groups. Besides, affordability for the health
professionals and efficiency plus safety for the patients were the most
influential. A satisfaction index is also introduced for simple and fast
inferring of the changes in the outcome qualities.



: study V

:study III

:study IV

StudyV recruited outputs and learnings from studies I and II to design
a system that partially automates the process of evaluating success factors
in health information systems, making it continuous and real-time, and
replacing hard-to-run surveys with automatically captured indicators
and analytics.

Study III focused on individual-specific factors in using health in-
formation systems, particularly the technophilia personality trait. A
short six-items instrument, called TechPH, was designed to measure
technophilia in users, tuned for older users. The study recruited empiri-
cal data from the Swedish National Study on Aging and Care (SNAC)
project. Two factors, labelled techAnxiety and techEnthusiams, are iden-
tified by the factor analysis method. A TechPH score was introduced as
a scalar measurement of technophilia.

Study IV elicited and discussed the ethical challenges of evaluating and
researching health information systems. Both a scoping review and a
novel systematic postulation approach were recruited to identify twenty
ethical challenges. The identified ethical challenges were discussed and
mapped into a three-dimensional space of evaluation stages, demanded
qualities, and major involving entities (stakeholder and artefacts), which
fosters further postulation of ethical challenges.
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PART I

Kappa

The one who could not be contained in
the six directions of the universe, is now
embraced in a “kappa”… IV

—Rumi (1207–1273),
Divan e Shams





1: Ammenwerth et al. 2004

:research motivation

2: Eurostat 2019

1
Introduction

An unjust ruler asked a saint,
“What is the best way of serving God?”
The saint replied,
“For you, to take midday naps;
so you would not make trouble
for the people awhile”.

— Saadi, Golestan (the Rose Garden), 1258

Nowadays, health information technologies and systems are every-
where. They have been in the health care for more than four

decades1 and they still become more prevalent. They reside in the back-
ends of health agencies, computers in hospitals, a mobile phone in our
pockets, or some unknown place in the cloud. The spending on these
technologies and systems is enormous, and it grows fast. However, do
these new human-made creatures serve us?

Does using health information systemsmake life easier for the patients
or health professionals; or it was more comfortable in the old days when
they were not around? Are we less vulnerable with these technologies
to the risks in health care; or they exposed us to some unprecedented
new ones? Can we allocate more money to other essential sections of
health care because of the efficiencies these systems create; or they are
bottomlesswells of spendingwith little or vague impact? Are the patients
more involved in their treatment; or have they been more isolated and
deprived of their autonomy? The success of health information systems
is dependent on getting positive answers for questions such as the ones
mentioned above, while we cannot answer them without evaluating
health information systems, in a rigorous scientific and systematic way.
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Figure 1.1: Expected healthy
years over 65 (A) and life ex-
pectancy in absolute value at 65
(B), in EU. Data source: Euro-
stat.2 Visualization: the author.

3: OECD et al. 2018

4: Eurostat 2019

TheOrganisation forEconomicCo-operation andDevelopment (OECD)
reports on health in Europe 20183 mentions a variety of statuses and
trends that need to be addressed. Almost for each of these challenges,
one might think of technological response by using variations of health
information technologies. The statues are as follows: Spendings on
disability benefits and paid sick leave account for 2% of gross domes-
tic product (GDP), more than the unemployment benefit. Financial
inequities, geographic location, and waiting times discriminate against
people in access to medical examinations. Lack of appropriate access to
primary care leads to unnecessary admissions emergency departments
and secondary care. Education discriminates between people in life ex-
pectancy. The leading causes of mortality in European Union (EU),
cardiovascular, respiratory, and cancer might get alleviated by promoting
a healthier life. More than 1.2 death could be avoided if there were better
health infrastructures and policies.3

While onemight be hopeful of handling the shortcomingsmentioned
above through the time, but there are also unfolding trends mentioned
in the report3 that can counteract our efforts. Life expectancy is increas-
ing, requiring delivery of more service, especially in the older ages. The
ratio of pensioners to the working-age population is changing in favour
of pensioners. Increasing life expectancy, suggests an inflating ageing
population that relies on shrinking working younger generations. The
ageing population increases the prevalence of dementia and other cogni-
tive impairments. Health expenditures, 5% to 10% of GDP across EU
countries, have been growing. Although Health expenditures share of
GDP has not changed, but it is projected that the GDP share of public
spending on health care will grow in the future. A higher number of
health-professional workforce is needed, while equal distribution is a
problem.3
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Figure 1.2: The percent of indi-
viduals aged 16 to 74 who have
done 5 or 6 of the following ac-
tivities: used a search engine,
sent a mail with an attachment,
posted messages to chatroom-
s/newsgroups or online discus-
sion forum, made phone calls,
done peer-to-peer file-sharing
or created a web page. Data
source: Eursostat.4 Visualisa-
tion: the author.
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Health information system, an umbrella wording for other word-
ings such as e-health, m-health, electronic health records, telemedicine,
health informatics, and digital health, is the realization of a set of health
information technologies as a system, in the form of device, software
application, and networks.

Technologies, especially the information and communication tech-
nologies, have been a significant response to various types of burdens
in health care. Health information technologies are introduced because
they promise lower costs in health procedures by better efficiencies, in-
creased effectiveness, and equal access to health services. Nevertheless,
this is a claim that should be proved.

Evaluation of health information systems is not merely proof of these
claims, but it constructs the feedback loop that reinforces the right deci-
sions and detects the wrong ones. It is an essential part of learning for
better health care in the new age. Human resources, budgets, and op-
portunity costs allocated to the development and deployment of health
information systems only can get optimized if there are relevant and
successful evaluations.

Finding the success factors of health information systems, through
evaluating them, usually encounters a plethora of problems. The defi-
nitions of health information technology, health information systems,
and other terms coined to refer to similar things, such e-health,6 are so
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Figure 1.3: Current health ex-
penditure (CHE) as percentage
of GDP. Data source: World
Health Organization (WHO).5

Visualisation: the author.
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broad that a richly diverse set of things are included. This set is highly
heterogeneous and usually resists to being evaluated through univer-
sally tailored frameworks. From the other side, the success factors of
health information systems are not merely dependent on the system
itself, but it involves user, setting, and of course task.7 Also, the burden
and cost of running evaluation can hinder its repetition in a required
frequency. This burden and cost should be viewed from this perspective
that evaluations are mostly non-automated.

Above discussions bring us to the questions that have been core to
the research activities of the author during his doctoral studies. These
research questions are as follows:

• Which qualities of treatment, impacted by using health information
systems, should be evaluated?

– How to combine context-specific users’ opinion about which qual-
ities to consider for evaluation with experts’ general opinion

– How to overcome the heterogeneity of systems when evaluating
them together

• What are the most treatment-level influential qualities in creating
satisfaction in the users of health information systems

• What are the ethical challenges in evaluating health information sys-
tems

– What is a possible systematic approach to elicit the challenges



introduction 39

Summary Points

Focus

• Need for research in evaluating success factors of health
information systems.

Key Messages

• Trends and status of health and health care demand recruit-
ing health technologies and systems to cope with trends
and alleviate problems.

• Evaluation the success factors is an essential part and the
feedback loop in making the right decisions and doing the
right design for health information systems.

• Evaluating success factors of health information systems
can be challenging due to heterogeneity of systems and
complex social contexts and settings of applying these sys-
tems.
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2
Background

Definition of health information technology can be very all encom-
passing, a consequence of the extensive definitions of health and

information technology. WHO defines health as “a state of complete
physical, mental and social well-being and not merely the absence of
disease or infirmity.”,8 which pushes the boundaries of health informa-
tion technologies even further. It is hard to find out which information
systems does not contribute to health, following the above definition.
Therefore, it is no surprise that the definition of health technology can
also be quite broad. The International Network of Agencies for Health
Technology Assessment (INAHTA) glossary defines health technology
as:

Any intervention that may be used to promote health, to prevent, diag-
nose or treat disease or for rehabilitation or long-term care. This includes
the pharmaceuticals, devices, procedures, and organizational systems
used in health care.

—INAHTA9,Health Technology Assessment Glossary

Again, such definition embraces a large set of tangible or intangible
things, leaving the boundaries of definition blurred. Even if we restrict
ourselves to the useful interventions, still, there would be quite a lot
of heterogeneous items in the list. Examples of the health technology
can vary from an ocular prosthesis (artificial eye) implanted in the eyes
of a female individual around 5000 years ago to the vast corpus of the
SNOMED Clinical Terms (SNOMED-CT) ontology, where one inter-
venes directly, and the other one establishes a platform for health care
improvement.

The vast landscape of health technology definition increases the com-
plexity or costs of activities, such as evaluation, that try to take an inclu-
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sive, comprehensive, and uniform approach towards the health technol-
ogy topics. Similarly, the breadth of the definition decreases the efficiency
or effectiveness of the evaluation of health technologies by dispersing its
focus.

Conquering the vast health technology landscape through dividing
into sub-disciplines is a strategy that we already do, but it can also be
challenging. Our diverse cognitive sense and historical reasons influence
how we categorize health technologies. In the above health technology
definition by INAHTA, we can recognize implied divisions by phar-
maceuticals, devices, procedures and organizational systems categories,
while, the boundaries between these divisions is not very clear. For ex-
ample, a procedure can be a surgical procedure, a procedure within an
operation team, or an organizational procedure. The first and the sec-
ond type of procedures can be grouped into one while we can do the
same for the second and third procedures. At the same time, the first
and third procedures can be separated far enough from each other to
belong to different sub-groups of health technology. This example can
be extended to pharmaceuticals and devices subgroups. For example,
stomach-resident devices and ingestible electronics10 are moving toward
blurring the difference between devices and pharmaceuticals.

2.1 Health Information Systems

Health information systems belong to two large populations of in-
formation systems and health technology, inheriting the rich diversity of
those two populations. Any try to conduct an evaluation over this richly
diverse population should take into consideration how the subjects of
the evaluation might vary in form, therefore refuting presumptions. As
this diversity is inherited from the populations of information systems
and health technology, one needs to look closer at the diversity of items
in those two groups.

One might think of two dimensions in health information technol-
ogy. The first dimension is the provision, process, and communication
of health-related information. The second dimension is providing or
improving health-related services by providing, processing, and commu-
nicating the types of information that can help to improve health or the
value of health care.6 This two-dimensional perspective creates a vast
landscape for health information systems, including types of systems
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that are not traditionally considered to be in this category.

The term information technology was coined not long time ago. There
has been a rise in the frequency of this term since the late 50s and still, it
continues ( ) . In Harvard Business Review, November
1958 issue, it is stated that:

The new technology does not yet have a single established name. We shall
call it information technology. It is composed of several related parts.
One includes techniques for processing large amounts of information
rapidly, and it is epitomized by the high-speed computer. A second part
centres around the application of statistical and mathematical methods
to decision-making problems; it is represented by techniques like mathe-
matical programing, and by methodologies like operations research. A
third part is in the offing, though its applications have not yet emerged
very clearly; it consists of the simulation of higher-order thinking through
computer programs.

—Leavitt11,Harvard Business Review

This early definition of information technology departs clearly from
the vague but possible definitions that could include even the Sumerian
tablets in their defined scope of the information technology. A defini-
tion such as the above might be too limited, or might need revisions
along with the technological advancements, but it can be more practical
than definitions that are too much inclusive. Pragmatism in bounding
the scope of information technologies enables us to introduce practical
evaluation methods for those technologies; however, it might ignore the
fundamental nature of the phenomenon. The balance between prag-
matism and comprehensiveness perspectives can be a challenge for the
evaluation.

Probably a more transparent account of what we mean by informa-
tion technology can be addressed by the term informatics and respectively
health informatics. The term informatics is coined by Karl Steinbuch
in 195712 in his book “Informatik: Automatische Informationsverar-
beitung”, which translates to “Informatics: Automatic Information
Processing” and shows a separation from other forms of information
processing by characterizing it as being automatic. By this definition
—and if we ignore some early analogue computing devices such abacus
and astrolabe which were also very use-case-specific for accounting and
astronomy— the new automated computing devices are all those elec-
tronic devices, usually based on transistor technology, that automate



44 Evaluating Success Factors of Health Information Systems

:health information systems
and health informatics

13: Banta 2009

14: Ammenwerth et al. 2006

15: Holden et al. 2010

information processing. Though, this perspective lacks the communica-
tion dimension, which nowadays we emphasize more by using the term
information and communication technology (ICT) instead of informa-
tion technology (IT). However, we can extend our view —but probably
not the informatics term— when talking about the evaluation of health
information technology to include both the automated processing and
communication.

2.2 Health Information Technology vs. Health Infor-
mation Systems

Health information technology inherits heterogeneity and diversity
from both health technology and information technology definitions.
Though, considering the automation of information processing and the
intention to create health or health care outcomes, there is a recognizable
zone for the investigations like evaluation.

The terms health information technology and health information sys-
tem might be used interchangeably in some contexts, but each of these
terms has some connotations that we should be clear about them. Eval-
uation of a specific health information technology instance is usually
about evaluating that technology in various applications and cases. This
gives a broader perspective of evaluation in contrast to the evaluation of
a health information system that is about a definite and enumerated set
of health information system implementations. On the other hand, a
health information system can recruit more than one health information
technologies, where all those heterogeneous technologies have taken part
in the whole of that health information system.

The literature of health technology assessment health technology
assessment (HTA) emphasizes its role in improving policy makings re-
lated to health technology.13 It considers lots of economic considerations
which implies the health technology in HTA is less concerned about
specific instances. From the other side, relying more on adoption and
acceptance of technology14,15 shows the literature on health information
system evaluation is more concerned about specific implementations
that consist of technologies and human agents combined in the form of
a unique socio-technical system. It can be imagined that this separation
between domains of concern is not very crisp and clear in all cases or
studies; still, a bit of more clarification can explain about the intentions
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of an evaluation or a related study.

The term automatic should not filter out non-automatic agents in the
evaluation of health information systems. Health information systems
can be composed of automated and non-automated information re-
trieval, processing and communication agents, including computers and
human agents. While we can narrow our focus on cases that include at
least one informatics technology, but we cannot ignore the wholeness of
the system. The outcomes and qualities we demand from a system are
the productions of all subsystems working together.

The holistic and functional perspective on health information sys-
tems also implies that a health information system can maintain its core
characteristics and functionality, while the underlying technologies can
be replaced totally. This is a drastic departure from the health technol-
ogy and its volatile character. In the holistic and functional view, the
technological changes do not change our perspective and approach to
the evaluation of health information systems, and the evaluation aspects
maintain to livemuch longer than the life of the underlying technologies.

It looks like a paradox that we sometimes use health information tech-
nology and health information system terms interchangeably; while at the
same time, a functional perspective on health information systems can
make them invariant against technological changes. The same story can
be valid between different levels of technology, for example, from the
user perspective the mobile communication technology is the desired
functionality, and the type of transistor technology being used in the
mobile device is not important for most of the users. Here, the function-
ality survives much longer than its underlying technologies making the
evaluation (of system or technology?) to sustain for a longer time.

2.3 Success for Health Information Systems

Success indicators can be a major output from any evaluation activity.
Though, evaluation, even a summative one, does not necessarily need
to be normative or specify a success indicator. Through evaluation, one
might discover and analyse various outputs and impacts of a system or
technology, but presenting the whole outputs through a unidimensional
scale is not the same as the former activities. However, most of the time,
it is required to have a success indicator. Managers and policymakers
need easy to interpret indicators which can be used through the decision-
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making process. Any report on the success or failure of a system, tacitly
assumes that there are controllable factors that can be controlled to
change the faith of a system. A normative success indicator confirms
if the past decisions were right or wrong, thus to repeat or reinforce
the right ones and avoid or fix the wrong ones. That is what drives the
evolution of the health information system.

Satisfaction is a fundamental component in success-based or
acceptance-based models, besides the models that have put it on top
of other goals. Measuring satisfaction is usually performed through
direct questioning through either one or more question, or by looking
at some proxy indicators. The relation between patient satisfaction and
the quality of care has been investigated, at least, as early as the 80s.16

Different studies have explored its meaning,17–19 measurement methods,
variation of quaternaries,17 determinants or predictors,20 and various
forms of patient satisfaction questionnaire (PSQ) has been developed.
This relation has also got specific in the context of health information
systems, such as telehealth.

Acceptance, or adoption in otherwording, is a very commonly used
indicator for the success of a system or technology. The well-established
Technology Acceptance Model (TAM) family of models, that is TAM,
Extended Technology Acceptance Model (TAM2) and Unified Theory
of Acceptance and Use of Technology (UTAUT), have put acceptance
at the core of their proposed models.21–23

The acceptance indicator for an information systemhas the possibility
of being directly measured using the actual usage of that system. This
measuring, of course, should be performed with a caveat against mis-
understandings and preferably comparing it with alternative methods.
For example, just the time spent on a system might be a defective way
for measuring the actual usage, in comparison to measuring the num-
ber of successful transactions or performed jobs. The former indicator
might represent not the actual work but the potential pitfalls of a poorly
designed system.

It should be noted that while acceptance definition is mainly on vol-
unteer usage of a system or the mandatory usage24,25 is also covered with
some considerations in other studies.23 The volunteer acceptance is the
one that TAM was based on.21 It is easy to interpret volunteer usage as a
sort of acceptance, but the interpretation of the mandatory usage might
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be more tricky. In a mandatory setting, the user who has not accepted
the technology might delay, inhibit, hinder, sabotage, and underuse the
system or leave the organization.26

When it comes to health information systems, an intuitive measure-
ment of success can be the health outcomes caused byusing those systems.
Widely used indicators for measuring the outcome of health interven-
tions, such as the rate ofmortality, rate ofmorbidity, quality-adjusted life
year (QALY), and disability-adjusted life year (DALY), can also be can-
didates for measuring the success of health information systems. These
indicators can be measured independent of user opinion, which makes
them objectives, in contrast to subjective measures such as patient re-
ported outcome measures (PROMs). Actually, in HTA literature, it is
common to calculate indicators, such as QALY and DALY in order to
compare two health technologies.

The challenge with using those indicators is that the type of impact
created by a health information system is not necessarily captured by
those indicators, at the same time it might be very challenging to cap-
ture the impact of health information systems that is relevant to those
indicators.

2.4 Evaluation of Health Information Systems and
its Frameworks

There are many evaluation frameworks for the health information
system. These frameworks try to answer why to evaluate, when to eval-
uate,27 who is involved, what to measure, and how to measure.27 An
expert’s opinion on definition of health information systems evaluation,
reads as: “Evaluation is the act of measuring or exploring properties of a
health information system (in planning, development, implementation,
or operation), the result of which informs a decision to be made con-
cerning that system in a specific context”.1 An evaluation framework is a
guide on performing such action in order to reach the result mentioned
above.

In addition to being a guideline, evaluation frameworks can also sug-
gest the success criteria for the health information systems, offering a
definition for success such as satisfaction, acceptance, or fit. A suggestive
framework can be either an extension to other general frameworks or
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models like TAM andDelone andMcLean Information Systems Success
(D&M IS), or specific to the field of health information systems, such as
Fit between Individuals, Task and Technology (FITT). Measuring the
success of a system can be crucial for the right decisions in investing and
policy makings. In many technology assessment studies, including the
HTA studies, the main concern is the improvement of effective and effi-
cient decisions, and policy makings.28 The same is true for the evaluation
of other types of information systems.29

The success of health information systems can be articulated similar
to success in other technological systems, measuring acceptance. Models
such TAM, TAM2, UTAUT put the acceptance as the cornerstone of
success in a technology implementation24,23 where acceptance can be
detailed more as usage when it is voluntary or keep it as the overall user
acceptance when then usage is mandatory.14,30 TAM and TAM2 put
behavioral intention to use (acceptance) at the center and then expand it
perceived usefulness and perceived ease of use determinants.15,31 Almost
similar to TAM and TAM2, UTAUT considers performance expectancy,
effort expectancy, social influence,and facilitating conditions as the deter-
minants of acceptance. The Task-Technology Fit (TTF) puts the fit
between the task and technology as the major indicator of success.30 The
FITT model puts the interaction between the user and task in the TAM
and TTF combination by creating a triangle of fitting relations between
task, technology, and individual.14

However, while acceptance studies focus more on usefulness by mea-
suring acceptance of a particular technology or system,15 there is more
for health information systems. Health information systems reside in a
health setting and clinical effectiveness —if possible to measure— are
important indicators. Even besides the clinical effectiveness, the scope
of evaluation in health information systems can be extended to include
other aspects, such as diffusion, transfer, or social impacts of the system
or technology.13

Evaluations can bemore case-specific by taking a bottom-up approach
and eliciting the required qualities from the stakeholders of the case sys-
tem. Requirement engineering is the practice that takes this approach.32

Evaluation of health information systems is a challenging endeavor
and prone to failure.33–35 A systematic review in 2006, while confirms
the positive impact of health information technology in some aspects,
but warns about inconclusive results in others. Some of those challenges
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which caused inconclusive results are inefficiency in time utilization, in-
sufficiency in cost data, limited availability of evidence in specific aspects,
and the inability to generalize the study results.36 We discuss some of
these challenges here. Furthermore, we considered some of those mod-
els and frameworks that try to frame the technology evaluation and its
challenges.

The challenge of diversity in the evaluation aspects of health informa-
tion systems is usually addressed by suggesting a universal and static list
of evaluation aspects. Many of the previous works,1 or recent generic
frameworks such as European network for Health Technology Assess-
ment (EUnetHTA): HTA Core Model,37 OECD: Health Care Quality
Indicators Project Conceptual Framework,38 or recent field-specificmodels
such as Model for ASsessment of Telemedicine applications (MAST)39

and Good Evaluation Practice in Health Informatics (GEP-HI)40 are
examples of trying to address what to evaluate41 part of the evaluation
by suggesting universal static list of evaluation aspects.

While the responses mentioned above provide unified frameworks
for evaluating different health technology cases in a universal form, but
they are static frameworks with no mechanism for accommodating un-
foreseen, time-variant, or context-specific evaluation aspects. Being static
and unable to accommodate new aspects, and at the same time trying
to be universal, in contrast to being case-specific, can weaken the rele-
vance relation between those frameworks and a case, hence making it
challenging to apply the framework.

The episode of intervention propagation is a major determinant for
fixing other variables, such as the temporal scope (when to evaluate) or
the spatial scope (the impact on who or on what should be evaluated).

Clinical (or epidemiological) episodes can be of decisive importance
for impact evaluation of any health care intervention. The evaluation of
clinical episodes is usually dominated by clinical trialmethodology;42 but
for the health information system it is subjected to some challenges and
limitations, such as those in the application of randomized controlled
trial (RCT) or identifying objective parameters to evaluate.43,44 From the
other end, evaluation of a health information system just as a standalone
system, i.e. at the very early episode of impact propagation journey, can
barely be considered a matter of health information technology top-
ics. An isolated or technical evaluation of health information system
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is probably a matter of concern for other technology disciplines, such
as software engineering. Between these initial and ending episodes of
impact propagation, there exists one or more episodes where the health
information system can be evaluated by its impact on the surrounding
health setting, processes, or knowledge. As defined by WHO the health
setting is “the place or social context in which people engage in daily
activities in which environmental, organizational, and personal factors
interact to affect health and wellbeing”.45 This definition can be detailed
or be extended by taking into consideration the processes and embodi-
ments of knowledge within that space or context beyond just the entities.
Many evaluation frameworks focus on addressing the evaluation of this
range of impact propagation episodes and their corresponding health
settings.

Evaluation aspects, i.e. the answers to what to evaluate in an inter-
vention, can be constrained by specifying some of the contextual factors.
Which episode in the course of the impact propagation is considered?
Which actors are in that episode? What time-span of observation is cho-
sen. The answers to these questions shape the list of evaluation aspects
that should be considered. Evaluation aspects can be both extracted from
internally defined requirement documents of a system or be adapted
from a universal external evaluation framework. Here the requirements
are those quality attributes (non-functional) that are expected from the
system by its stakeholders and determine the overall qualities of the sys-
tem.46 In a different approach, a universal external evaluation framework,
by probably sampling similar systems, determines universally what qual-
ity attributes are supposed to be required for that type of system. In
any of the indigenous or exogenous origins of evaluation aspects, for
an overall evaluation of the system, it is needed to find an aggregation
and integration method for individual actors’ responses in each specified
aspect. The aggregation and integration add to the problem of what
to evaluate. Successful implementation of these two approaches needs
to solve problems with the diversity of actors, heterogeneity of their
responses, and the relevance of each evaluation aspect for each actor.

2.5 Spatial Scope of Evaluation

Spatial scoping comes after determining the intended propagation
episode. Different spatial or temporal scales in the evaluation of a health
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information system can result in different outputs. The spatial and
temporal dimensions are not necessarily dependent, hence fixing the
scale in one might determine, or limit, the scale in the other one. Fixing
the spatial scope, i.e. determining the actors engaged in that episode,
lets us consider a stable situation based on the impact response of those
actors. Reaching the stable situation, if there exists any, determines the
minimum time we should wait to be able to evaluate. In some cases,
observing beyond this minimum time might change our insight about
who is involved in that episode, hence changing the spatial scopes in the
other way.

In the spatial dimension, references to evaluation aspects indicate,
explicitly or implicitly, the context, the environment, or the actors in
the space for which the evaluation should be or can be performed. For
example, the organizational aspect mentioned in MAST framework39

suggests the organization scope and its relevant members as the scope of
the evaluation.

Negligence about the networked nature of many health informa-
tion systems can be a cognitive fallacy in determining the right spatial
scope of the evaluation of health information system. Many of the health
information technologies address a group of people together, but not
separated individuals.47 Health information systems are examples of
such socio-technical networks,48 where the health care value is created,
delivered and consumed in a network of different technologies and dif-
ferent stakeholders.

2.6 Health Information Ecosystems

To better understand the ecosystemic nature of health information
systems and their working context, let us consider a model that specifies
classes of actors, their contexts, and their interactions as it is expressed
metaphorically in Figure 2.2.

In this model, an ecosystem is formed around a set of health infor-
mation systems that are targets of evaluation. The health information
systems and the digital environment where they reside, and probably
interact with each other, is called the digital actors zone (the 𝐷 zone).
The community of other digital software or hardware entities, more
likely working as infrastructures serving digital information and commu-
nication technology services to the digital actors and also the user actors,
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is recognized as another zone, called digital infrastructure zone or simply
the infrastructure zone (the 𝐼 zone). The infrastructure zone has more
blurred boundaries due to its definition. The users’ community and
their interaction with each other, related to those health information
systems, is called user actors zone (the𝑈 zone). The social and physical
environment that hosts these users is recognized as socio-physical zone
(the 𝑆 zone). This zone also lacks crisp boundaries due to its definition.

The model emphases that each of these four zones is neighbouring
the other three ones. These adjacencies create six connection points
between the zones. Each of these six connection points represents the
flow of value, information, or other exchangeable objects between the
two zones. We can consider that each connection point is made of two
unidirectional channels, each lets the flow of value, information, and
so forth in the opposite direction of the other. In this sense, we have
twelve connection channels, through which a zone, or one or more of its
members, receives values or information from another zone, or one or
more of its members. Each of these channels can be shown by a notation
like 𝑋 ⟶ 𝑌, where 𝑋 and 𝑌 can be any of𝐷,𝑈, 𝐼, 𝑆 zone symbols.
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2.7 Semantic Scopes

Health information systems inherit this diversity from health infor-
mation technology definition. The widespread presence of information
concept in different forms of health technologies is the connecting line
that suggests this inheritance. While traditionally, the term health infor-
mation system refers to software systems that are implemented in digital
electronic devices, but in the context of evaluation, separation of this
kind of information technology fromother information related technolo-
gies is not justified. Health care information systems, the information
systems that are specific to health, refer to “socio-technical subsystem
of an institution, which comprises all information processing as well as
the associated human or technical actors in their respective information
processing roles”,48 with the speciality in health. This definition can
also be extended to encompass both larger and smaller scopes instead
of an institution. The extents of health information system definition
can be blurred as in a more relaxed view, a stethoscope is a device that
senses signals and represents the amplified information in audio format;
written instructions or procedures are software applications running
on human hardware; and even pill is a chemically encoded information
package to be received by cells.

2.8 Temporal Scope of Evaluation

Temporal boundaries can be quite challenging for an evaluation
framework to suggest. When an evaluation framework has positioned
itself at the clinical level, then it can follow up on the rules and traditions
in medical science for determining the temporal scale, i.e. to determine
when is the right time for performing the evaluation. However, when
the evaluation framework is positioned in between the intervention and
the clinical stage, i.e. evaluating the impact on health setting in our case,
then there is usually a list of heterogeneous evaluation items that do not
necessarily share the same response time to the intervention.

We should also pay attention to two types of interventions, the one
that wants to return the situation to a predefined baseline situation and
the one that wants to improve the current situation beyond the previous
history. In this sense, evaluations at the clinical level can usually be
categorized in the first group where it is assumed that there is a normal,
albeit adjusted, healthy situation for an individual (or a population),
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and the intervention should revert the physiological or psychological
situation to that state. However, the impact on health settings might be
of both improving or reverting nature. Evaluation time scope for the
reverting case is related to the baseline situation, the probability of fully
reverting, and the speed of reverting. On the other hand, the evaluation
of improvement is related to the stability of changes and impacts.

Things get more complicated if we assume there is no permanent
impact; hence, each impact is subjected to some attrition or deformation
rate. Even more, the goals that the impacts are supposed to fulfil can
erode along the time.35 It is not a guaranteed grace to find a period
through the life course of a heterogeneous health setting, including
the understudy health information system, where all the impacts have
reached their state of maturity and stability, while none has reached
attrition.

Another challenge with suggesting a temporal framework for evalua-
tion is the context of evaluation itself. The evaluations that are part of
policymaking, project assessment, investment performance evaluation,
or other time-bounded activities should comply with practical consider-
ations of the whole activity rather than just focusing on the best time for
evaluation. The real value of a long-term evaluation can be debated if it is
anticipated that new interventions, of totally new characteristics, might
replace the current one. In this regard, health technology assessment
literature has not much incorporated the dynamic nature of technology
in the assessment.49

2.9 Evaluation of Emergent Systems

Holistic evaluation of health information systems is not guaranteed,
even if one succeeds in identifying all the involving actors and creating
a unified set from their exposed evaluation aspects. Unintended and
unforeseen impacts might be caused, amplified, or ignited by the health
information system intervention.50 Some of these impacts are caused
directly by health information systems, but as they are not intended and
are sporadically reported, they have a challenging path to reach the set of
documented evaluation aspects.

In the presence of insight about the networked and complex nature of
health care socio-technical environment,51 beside both the intended and
unintended direct impacts, the emergence type of impacts that are not
associated directly with individual health information system are also
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matters of concern. Emergence behaviours are those behaviours, usually
unintended, that appear in a complex system as a result of individual
members’ activity and interactions, whereas those behaviours are not the
properties of any of those individuals separately and cannot be evaluated
by observing at the scope of an individual.52 The intervention of a health
information system within a complex health setting, let us say ecosys-
tem, can contribute to the formation of some emergent behaviours and
emergent impacts.

Negligence or blindness about an unintended or emergent impact
would limit the effectiveness of an evaluation framework, but a more
important question is whether those would also invalidate the evalua-
tions or not. Frameworks that have a positivist approach and focus on
scientifically measurable indicators are more prone tomiss the overall ob-
servations about a health information system intervention,35 including
the emergent impacts. Some of these overall observations might contra-
dict the more detailed indicators. For example, any positive evaluation
based on the decrease in emergency department length of stay can be faded
if there would be an increase in patient’s estimate of the total length of
stay.53 The first indicator is an objective and measurable aspect, whereas
the second one is more of a subjective and emergent nature. An imagi-
nary health information system that improves the first onemight worsen
the second one. While itmight be unjustified to except that an evaluation
framework enlists unpredicted evaluation aspects, but it is reasonable to
expect that an evaluation framework is dynamic enough to accommo-
date new or case-specific insights about more holistic evaluation aspects
or resolutions about conflicting ones.

2.10 Intended and Unintended Impacts

When evaluating the impact of health information system on a health
setting, any reference to the impact of an intervention on those health
settings should be insightful about the extents of impact definition.

Impacts of an intervention, in a counterfactualmanner, are recognized
by differences between the condition of presence and absence of the
intervention.54 In this sense, evaluating the impact of an intervention
also encompasses those effects that are side-effects, unintended or are
part of the intervention structure and embodiment. For example, the
learning curve of a newhealth information systemand the time allocation
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needed to address that is an unintended impact, which is usually tried
to be minimized as much as possible. Sometimes it can be tricky to
recognize if a quality refers to an intended value or an unintended effect.
For example, a health information system might increase efficiency in a
health setting by reducing the number of tasks; hence, the efficiency is
the intended impact of that health information system. However, at
the same time, another health information system, such as a medical
image processing application, can also be efficient, in that sense that it
does not take too much time for creating its intended results. In the first
case, the health information system contributes to the total efficiency
as it is intended, whereas in the second case, it avoids contributing to
inefficiencies by being efficient itself. Here in the second case, efficiency is
a none-primary or unintended impact. With this insight, evaluating the
impacts of a health information system, in episodes before the clinical
episode, involves evaluating the main intended impacts, side effects, or
by-products of the intervention.

Summary Points

Focus

• Borders of health information systems definition and its
implication on evaluating those systems

• What is the definition of success for health information
systems

• What are the factors that influence the success of health
information systems?

• Evaluation frameworks for health information systems
• Ethics of evaluation of health information systems

Key Messages

• Health information systems can be very diverse regarding
that health information technology and information sys-
tems are very diverse.

• It is hard to draw a crisp boundary for health information
systems. Many information systems can be utilized to im-
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prove health; therefore they are health information system
in that specific setting and context.

• There is a difference between system and technology, hence
in between health information systems and health infor-
mation technology. A system is an integration of different
technologies for a specific purpose, in a specific setting. A
technology has numerous instances in different settings.

• Evaluation of a system is the evaluation of the integration
of technologies in a specific setting.

• Evaluation of technologies should consider and average all
implementation of those technologies.

• Success of health information systems, as a category of
information systems, can be measured by the frameworks
that measure the success of information systems.

• Health information systems, like any other health interven-
tion, are supposed to create impacts on the health status of
individuals and populations. Dimensions of these impacts
can be considered the success of those systems. Still, it can
be very hard to sense or measure that impact.

• User satisfaction is another success indicator, where the
user indirectly reports how he or she was satisfied both
with the system per se and probably the actual impact.

• Acceptance of a system is a success indicator, which can be
categorized as volunteer and non-volunteer. Acceptance of
a system is virtually independent of the actual impacts, but
one might assume that there is a reverse correlation with a
low impact system and its acceptance.

• Success indicators might be explicit, such as user satisfac-
tion expressed in surveys, or tacit, arguably such as the
rate of using a system in comparison to other systems or
methods.

• There are two categories of factors that influence the suc-
cess of a health information system: pre-intervention:
which are only specific to users, and post-intervention:
which are related to the system, users, and the context of
usage
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• Pre-intervention factors are mostly considered as pairs of
technophobia vs technophilia or techno-anxiety vs techno-
enthusiams.

• Some evaluation frameworks that are specific to health
information systems, while some are more generic about
technology or information systems.

• Evaluation frameworks can suggest aspects or qualities be
evaluated. These suggestions are usually universal and non-
context-specific.

• Among the generic evaluation models one can mention
the TAM family and D&M IS model, where both have
been utilized in the health information systems context.

• Among the field-specific evaluation frameworks one can
mention FITT, MAST, GEP-HI.

• Evaluation process can have an impact on the subject of
evaluation, therefore evaluating health information sys-
tems might rise to similar ethical challenges as other health
interventions.
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3
Methods and Materials

Five studies are included in this manuscript, and they have interrela-
tions and dependencies, both in methods and materials. Studies I

and II share the same empirical materials from the Future Internet Social
and Technological Alignment Research (FI-STAR) project, where study
II uses results from the study I also. Study III recruits results from the
Swedish National Study on Aging and Care (SNAC) project. Study IV
relies on some outcomes from study I. Study V embeds methods from
the studies I and II.

3.1 Research Context and Materials

The FI-STAR project, an EU project in the the Seventh Framework
Programme for Research and Technological Development (FP7) pro-
gramme,55 was the source of empirical data for the studies I, II, and IV; a
test bed for study I; and at the same time a stimulator for study III. The
FI-STARproject is defined in the Future Internet Public-Private Partner-
ship (FI-PPP) programme of the the Seventh Framework Programme for
Research and Technological Development . FI-STAR consists of seven
e-health cloud applications that were developed and deployed in seven
EU countries. The project relates to the Future Internet (FI) series of
technological platforms, and each application was supposed to utilize
the FI platform to some extent. Each of the applications serves a differ-
ent community of patients and health professionals.56 The FI-STAR
project did not impose any constraint on the type of applications being
developed, but they were required to follow the general requirements
of the FI-STAR project, especially using the Future Internet WARE
(FIWARE) infrastructure. A summary of all subprojects can be found
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in Section 9.A.
The main intention of the FI-STAR project was to run a feasibil-

ity study of using the FIWARE platform, utilizing its Future Internet
General Enabler (FI-GE) and Future Internet Specific Enabler (FI-SE)
features. It is believed that a widespread FIWAREplatform can foster the
development of a new generation of internet services, including but not
limited to health care services. Moreover, a software to data approach can
be implemented using FIWARE platform, which can be very instrumen-
tal for health care solutions. In this approach, health care applications
migrate to the data centres which store health care information. This
model is in contrast to the conventional model where data needs to be
transferred to cloud servers in order to get processed. The software to
data model can resolve many of the challenges of implementing health
data privacy rules and regulations.57

The evaluation instrument for the FI-STAR project, that is the two
questionnaires in Appendices A and B, was created using the proposed
Unified eValuation using ONtology (UVON) method in the study I.58

Both the qualities that were expressed and required by the users in the FI-
STAR requirement document and the evaluation aspects specified in the
MAST evaluation framework39 were fed into the UVON method. The
heterogeneity of evaluation aspects through the e-health applications of
the FI-STAR project required an approach to reach a unified perspective
for evaluation that led to the UVON method. It was also required that
the UVON method could expand and include new cases, merging in
some new evaluation aspects from a new case or suggested by another
evaluation framework.

Recruitment of the survey participants was performed through the
convenience sampling method. The patient and health professional
users at each e-health application deployment site were asked to assess
the impact of using their specific application on the qualities of treatment
or health setting. No precondition was specified for participation, and it
was voluntarily. There were almost two months between deployment of
the applications and filling in the questionnaires. Users had the option
to choose between online or paper questionnaires. 87 patients and 31
healthprofessionals filled in thequestionnaires anonymously. Evaluation
report, as a part of the work package 6 of the FI-STAR project, was
drafted based on the results of the questionnaires.

Study III is based data from a part of SNAC project, called SNAC IT
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Tromso

Bucharest

Krakow

Bilbalo

Bologna

Leeds

Munich 1 & Munich 2

Figure 3.1: FI-STAR trial
sites. Tromsø → diabetes
tele-medicine, Leeds → back
tracking pharmaceutical
products, Krakow → can-
cer patients management
, Munich I → operation
room consumables tracking,
Munich II → facilitating
transportation for patients
with mobility problem,
Bucharest → rehabilitation
monitoring for patients
with hear failure problem,
Bologna → information
sharing for patients with
COPD, Bilbao → interactive
system for communication
between patients with mental
health problem and health
professionals.
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Figure 3.2: SNAC sites.

:methods of study I

:validation of the UVON
method

:methods of study II

(SNAC-IT). SNAC is a long-term study project focusing on ageing and
its associated health care situation in Sweden. The project started in 2001
for four areas in Sweden, please refer to Figure 3.2. SNAC-IT is a part of
the whole project that focuses on the interaction of the ageing people
and digital tools and content, and how interaction can be enhanced.

3.2 Methods

For study I, a literature review was performed to find the answer to this
question: how we can elicit required qualities from a heterogeneous set
of systems and integrate them into a hierarchy or network of connected
concepts. The answer was a set of methods of creating ontologies for
domains of knowledge. The UVON method is a customised version of
those methods which creates an ontology, with required specifications,
for the qualities associated with a heterogeneous set of systems.

Validation of the UVON method was performed in two steps. In the
first step, reflected in study I, the case leaders of each e-health application
in the FI-STARproject were asked to validate the relevance of the created
questionnaires to their case. Also, the users, patients or health profession-
als, implicitly validated the questionnaire by filling in the questionnaires
without showing rejection or replying random answers. The second
step of validation was performed in study II, where the influence of each
elicited qualities by the UVON method was examined against satisfac-
tion in each of the patient and health professional groups. The partial
least squares structural equation modelling (PLS-SEM) models in study
II showed that the selected qualities by theUVONmethod could explain
the variations in satisfaction relatively good, that is𝑅2 = 0.44 for the
patient and𝑅2 = 0.89 for the health professional models. Furthermore,
the reliability and discriminant validity tests showed that the UVON
method was successful in finding and correctly assigning sub-questions
for each quality.

In study II an exploratory step was taken by using correlation matrices
and observing the possible grouping of the subgroups of qualities. In the
next step, PLS-SEM models were constructed, building on the results
from study I, using categories of qualities as constructs and their corre-
sponding subcategories as manifest variables. Based on the coefficients
in the PLS-SEM models, a satisfaction index was introduced.

PLS-SEMmodel has some advantage over covariance-based structural
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equation modelling (CB-SEM) model, including its lower requirement
on sample size and being able to cover non-normal data.59 It is also
suitable for investigating the structure of relations between constructs,59

which was our purpose in study II to find the relation between the
qualities and satisfaction constructs.

Study III relies on data from the SNAC project. It applies factor analy-
sis, both in its exploratory and confirmatory modes. At first, a survey on
questionnaire instruments that measure technophilia led to suggesting a
new six-item instrument, which is supposed to measure technological
enthusiasm and technological anxiety among older people, from the
SNAC project population. The results of the survey were analysed first
in exploratory factor analysis, suggesting two latent factors. Then a con-
firmatory factor analysis was performed by dividing the questionnaire
into two factors, enthusiasm and anxiety, each consisting of three items.
The result was validated and discussed.

Study IV performs a scoping review, constrained by the search string
specified in Sections 11.A, 11.B and 11.C. The results are mapped into a
three-dimensional space, consisting of evaluation stages, active entities,
and demanded qualities dimensions. The study recruits the results of
applying the UVON method in the FI-STAR project to populate the
demanded qualities dimension. Further ethical challenges were postu-
lated by looking through the three-dimensional space and considering
situations where one of the qualities are impeded or undermined.

Study V pursues design research methodology.60,61 In this regard, the
design of a system that can perform semi-automated and continuous eval-
uation was investigated in the steps of identifying the problem, express-
ing the objectives of the solution, designing and developing components,
demonstrating the results so far, and evaluating. Parts of demonstration
and validation are already performed in the studies I and II .

3.3 Ethical Considerations

In both the FI-STAR and SNAC projects, the ethical assessment was
performed, while it was not on the agenda of the author. For the FI-
STAR project, it is documented in the project’s deliverable D6.4.62 For
the SNAC project, one can refer to its published studies.63
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Summary Points

Focus

• the FI-STAR project
• The SNAC project

Key Messages

• TheUVONmethod from study Iwas used in the FI-STAR
project to elicit user-demanded qualities.

• Results of the evaluation instrument, two questionnaires,
produced by applying the UVON method in FI-STAR
was used in the study II to create the PLS-SEM models.
The models helped to find out which of the qualities con-
tributes more to create satisfaction.

• Scoping review and the qualities from study I populated
a three-dimensional space in IV to elicit and postulate the
ethical challenges of evaluating health information systems.

• Through design research method, a design is proposed in
study V for semi-automated and continuous evaluation of
health information systems. Results and methods from I
and II were reused.

• By reviewing the literature, a short instrument was intro-
duced in study III. The study applies exploratory and con-
firmatory factor analysis.
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4
Summary of Studies

Five studies are included in this dissertation, drawing a connected line
that begins from study I, finding what to evaluate and suggesting

how to evaluate. Then thesewhats and hows get realised in the context of
an EUproject in study II, giving insights about which qualities should be
taken into consideration for reaching success, that is the user satisfaction.
Study III extends backwards by giving insight about pre-implementation
success factors, specifically focusing on technophilia in users. Study
IV rectifies the whole line by alerting on possible ethical challenges in
evaluating health information systems. Study V transcend the whole
package to a semi-automated, continuous, and real-time solution.

Study I develops a method, called UVON, to find out which qualities
in health setting and treatment should be considered for evaluation. For
this purpose, the method integrates and organises the qualities that users
expect as the result of using the subject system, by creating an ontol-
ogy. The UVON method is applicable in similar situations, not limited
to health information systems, where a heterogeneous set of systems
should be evaluated for their impacts. The UVON method was applied
in the FI-STAR project, which resulted in an ontology from which two
questionnaires were elicited. The questionnaires, for both patients and
health professionals, inquire about the impact of the developed and de-
ployed health information systems in the project, in term of the changing
qualities.

The patient questionnaire was filled in by 87 patients, where 31 health
professionals filled in their related questionnaire. In both questionnaires,
almost the same set of qualities were asked. However, minor modifi-
cations were applied to make each questionnaire more relevant to its
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target group. In this sense, the questionnaire for the health professionals
asked more details and addressed two more qualities. Through both
questionnaires, the respondents specified the extent to which the men-
tioned qualities have been improved in the health setting or treatment
process, by using the e-health application. The result of the survey also
was published in the D6.4 deliverable of the FI-STAR project.64

Study II analyses the survey result from study I to find out which
qualities have the highest impact on satisfaction, or can predict it better.
Two PLS-SEM models were constructed, for the patient and health
professionals, based on the UVON and survey outputs. The models
suggest the relationship between the impacted qualities by the health
information systems from one side, and the satisfaction of users, patient
and health professionals, from the other side. The models show that
effectiveness is an important quality in creating satisfaction for both user
groups. Besides, affordability for the health professionals and efficiency
plus safety for the patients are the most influential.

Because of the diversity of the subject health information systems
and the users that were surveyed across the EU, the study results have
a high potential for being extended to similar situations. Nevertheless,
the developed models can be customised for newer cases, or the original
questionnaires can be reused to feed in a higher number of samples into
the models.

Study II also introduces a satisfaction index in the context of health
technology, by assigning weights to the three Customer Satisfaction
Index (CSI) satisfaction questions, based on the PLS-SEM models. The
index can be a quick and rough method to measure the improvement of
qualities in a health setting, induced by health information technology
intervention.

Study III can be considered complementary to study II.While study II
focuses on the user satisfaction caused by health information systems and
reflected by improvements in qualities, but study III focuses on system-
independent and user-specific factors of success. More specifically, it
focuses on measuring technophilia in older users (>65) by introducing a
short six-item measurement instrument. Through factor analysis of the
instrument results, study III reveals two independent factors of techno-
enthusiasm and techno-anxiety that together drive user attitude towards
health information systems, a prelude to any further success factor. The



summary of studies 69

study introduces TechPH score, as a weighted sum of the instrument
items.

Study IV discusses the ethical challenges of evaluating health infor-
mation systems. It introduces a systematic approach to elicit possible
ethical challenges of evaluation by introducing a three-dimensional space,
populated by ethical challenges that are elicited from a scoping review or
postulation process. The result of the approach is a table of 20 possible
ethical challenges, grouped by evaluation stages, involving entities, and
affected qualities. These ethical challenges are discussed in the study,
providing instantiation and context.

Study V recruits outputs and learnings from studies I and II to de-
sign a system that partially automates the process of evaluation, makes
it continuous and real-time, and replaces hard-to-run surveys with au-
tomatically captured indicators and analytics. The study suggests the
design of four components. The first one automatically elicits a ques-
tionnaire by analysing textual contents created or communicated by
users, which reflects their request for outcome qualities. The second
component runs the survey based on the elicited questionnaire, accord-
ing to timings recognised by other components. The third component
uses the result of the surveys to run modelling between the requested
qualities and user satisfaction. The result of the modelling is captured in
a path model structure. The fourth component connects to a database
of metrics; automatically measured indicators about users, systems, and
their usage patterns; trying to enhance the initial model from the third
component. This enhancement involves replacing user-reported out-
comes, from the survey, with tacit indicators, from the metrics database,
while keeping up with the accuracy of the initial model.
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5
Discussion

Study I addresses elicitation and organisation of the important quali-
ties that have been impacted by introducing a system into a context.

This approach is beyond just e-health interventions and can be applied
in a variety of contexts. The main challenge of this elicitation and organ-
isation is the heterogeneity of qualities.

A question when evaluating qualities is the lingual implications they
can carry. In study I, and to some extent in study II, we encountered
those challenges and implications. The following lingual challenges
might comewith those qualities: Aword that presents a quality does not
necessarily specify the whole boundary of that quality; multiple words
might be needed to specify a quality of a single nature. On the other
hand, a word might refer to different qualities of a different nature at
the same time. There might be different wordings to point to the same
quality, and users or frameworks usually follow a protocol or controlled
verbs in their communications. Different people might have different
understandings about the meanings of words; hence, it is a challenge to
calculate the average for their attitudes about a quality. It is not always
possible to have exactly the samemeaning in the two sides of a translation
process. Matching a word with another word in a different language is
usually based on subjective similarities.

Did the UVON method succeed in overcoming the challenges men-
tioned above? The UVON method claims that it can consolidate these
different wordings into an ontological structure, clarifying similarities
and differences. Validation of the UVON results by the case owners,
users in study I, and then by checking analytical validation indicators in
study II, showed that method could succeed to some extent, although
it should take more cases to prove its capability of creating meaningful
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outputs, despite the challenges as mentioned above.

Study II identified effectiveness, safety, and efficiency as the most in-
fluential qualities in creating satisfaction among patient users. The list
for health professionals consists of effectiveness and affordability. The
different ways these two groups perceived the issue is interesting.

Both the patients and health professionals prioritize the effectiveness,
that is they required first that the e-health applications improve the treat-
ment, in terms such as fewer mistakes, higher degrees of readiness for
various situations, ormore focused and personalized for the patient. The
point is that while we could subjectively measure improvement in treat-
ment by an e-health intervention, but as discussed previously, it is not
always easy or possible to objectively measure the clinical impact of that
intervention. Running an RCT to detect possible changes in morbidity
and mortality is usually out of the scope of most studies on e-health
interventions. Conducting RCT needs two large identical populations
being observed and avoiding the contamination of the control group.
Hence, the quality that has the highest drive for satisfaction is still mostly
measurable only through PROMs.

Health professionals’ request for affordability —and its absence in
the most-wanted list by patients— should be considered in the context
of the health economy in EU countries. Most EU countries have im-
plemented universal health coverage, with lower percent sourced in the
out-of-pocket and higher index of essential service coverage, in compar-
ison to the rest of the world. That means affordability of treatment
is not the primary concern of patients. However, health professionals
have a different perspective; they reflect more on the financial issues of
treatments both at organizational or national levels.

For the two other qualities, safety and efficiency, it seems that the
patients have a more personal perspective. They care more about safety,
especially as they might have some degrees of technophobia or lack of
general knowledge about the functionality of e-health applications. They
have some concerns about unmet safety issues in traditional treatment
which can be mitigated by e-health applications, or have some concerns
about unmet safety issues in telehealth type of treatment which did
not exist in the traditional approach. Similarly, it can be imagined that
the problem of long waiting times and the burden of travel time for
distant health care facilities hit mainly the patients —not the health
professionals— and therefore they care more about efficiency.
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:study III

:study IV

In study III, we focused on a different set of success factors; that is the
system-independent and user-specific ones. Study III somehow com-
plements studies I and II in that sense that it retrospects and covers
influential factors before any intervention.

This result invites other sorts of activities, such as educating, into the
club of activities that can make a system implementation a success case.
On the other hand, the study reminds us that not all success factors are
controllable. Best of designs might fail if techno-enthusiasm or techno-
stress forces do not act in our desired direction.

In study IV, we propose a method to elicit ethical challenges. The
method combines two approaches. Scoping review is the first one, where
the second approach focuses on the required qualities of a system, speci-
fied by users or a framework. The absence of those qualities or impeding
them is considered an ethical challenge. At last, the study introduced
a space, consisting of three dimensions of evaluation stages, involving
entities, and demanded qualities that helped further postulation of the
challenges and at the same time contained them all. Further investiga-
tion is needed to learn if this proposed space can be instrumental in
discovering ethical challenges in other similar cases.

By the best of the author’s knowledge, this is a novel approach for
eliciting ethical challenges. First, the method is not specific to health
information systems or even evaluation activities but can be applied to a
variety of system usages or activities that study the systems. The method
is a systematic approach for exploring possible ethical challenges and
might cover blind spots in the detection of those challenges through
intuitive approaches.

Second, themethod can reveal case-specific challenges. General ethical
rules are not local; they are universal or at least belong to some major
cultural contexts. However, the instantiation of those rules in a specific
context might rise to local and setting-specific situations that need to be
discussed in that specific context and setting. The method proposed in
IV is capable of opening the door of such discussions.

At last, finding 20 ethical challenges that can be caused or raised by
evaluating health information systems, make it clear that evaluation is
not a zero-footprint activity, thereby, a code of ethical conduct needs to
be defined and applied.

Study V is of design research type. Unlike traditional research ap-
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proaches, parts of a design research study might have different levels of
maturity. While some parts represent fully validated and verified designs,
there might be parts at the proposition stage. Therefore it is expected
that the study proceeds with newer versions with more maturity in parts
of the study.

The design proposed in study V is not specific to health information
systems; it can be applied in a variety of systems for a semi-automated
and continuous evaluation. Practical implementation of the proposed
design in a real-world situation in the e-health context can be extended
to other contexts.

The last component of study V is based on the idea of replacing
indicators which are based on explicit user attitudes by objective be-
havioural metrics which are supposed to represent the user’s intentions
tacitly. This assumption is challenging. While there is a general tendency
in researchers for positivistic measuring, some researchers warn about be-
ing biased by evaluating only the measurable ones, ignoring the wholistic
attitudes. The idea of replacing user attitudes by objective behavioural
metrics, such as those recorded in software log files, should be examined
closely in practice. It can be imagined that there are some important
limitations in applying this approach.
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6
Future Works

At least five major directions are emerging from the studies in this
manuscript. The first one discusses that evaluation of health in-

formation systems should merge with the prognosis of those systems in
the context of health setting, extending both scopes of evaluation and
prognosis. The second discussion points on the need for automated and
continuous evaluation of health information systems; and suggests possi-
ble implementation scenarios. The third discussion puts the evaluation
of technologies and systems in the context of competing and coexisting
technologies and systems. The fourth direction is to make the success
factors of systems as design drivers which influence the design from its
early stages. The fifth direction expands the meaning of success to the
larger landscape of sustainability, giving a broader and deeper definition
to evaluation, and assigning newer tasks to evaluators.

6.1 Evaluation and Prognosis: the Need for a Unified
Perspective

Prognostic studies, mostly, recruit a traditional set of clinical and bi-
ological factors, such as demographics, disease-specific, or co-morbidities,65

to predict the course of a disease in an individual or population. Also, as
a convention, when these factors are supposed to predict the course of a
disease without any treatment or with a standard one, then they are con-
sidered prognostic factors, while in the presence of a health intervention
the factors with prediction power are called predictive factors.66,67 The
diversity of interventions entails a higher diversity of predictive factors,
in comparison to prognostic factors. Predictive factors can be of different
nature rather than the traditional set of clinical or biological ones. For
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example, adherence to treatment, a factor of behavioural nature, can be
deterministic in the prediction of the disease outcome, in the presence
of a treatment that requires adherence.

In the sake of more accurate predictions, prognostic studies have ap-
plied a plethora of advanced technologies, from imaging to machine
learning, for projecting the course of diseases such as cancer or demen-
tia.68,69 Still, a look at these studies reveals that they are more concen-
trated on the factors which are shared between both the prognostic and
predictive approaches, and less attention has been paid to the predictive
factors which are specific to interventions. That is, the predictive factors
in those studies are still of clinical or biological nature, and the factors
that determine the success of the intervention in a broader social and
technical perspective are less considered.

Health care system is considered a determinant of health for indi-
viduals and communities.70–72 From a broader perspective, there is a
range of visible or tacit coordination and organizations of health inter-
ventions, whether being considered a part of health care system or not,
that embody the health care services uponwhich our health is dependent.
From this range of health care organizations, the health care system term
usually refers to the health infrastructures, organizations, and resources
at macro and national levels, while its incarnation at micro-level is the
health settings that an individual has access to them. Therefore, a more
generic narration can be that health care systems, settings, and coordi-
nations are determinants of our health. Corollary to this narration, it is
the accessibility, performance, and quality of those systems and settings,
in all of their variations, that majorly determines our health status as
individuals or populations.

All across variations of health care installations and settings, health
technologies are the backbones upon which the whole mass of the sys-
tems stand up. The wide breadth and inclusive definition of health
technology9 give leeway to claim that the performance of health care
systems and settings, at any level, is highly dependent on the performance
of the backbone health technologies that support creation and delivery
of health care service through those health care systems.

Among the diversity of health technologies, health information tech-
nologies have become essential parts of health care systems and settings
today.72 More andmore corroborations are reported, supporting the pos-
itive impact of health information technologies on health outcomes.36,73
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In consequence, the dependence of health to health systems is extended
to the underlying basis, that is health technology and its incarnation as
the variety of health-related technical systems. Therefore, the prognosis
of an individual’s health, in the presence of a novel or traditional inter-
vention as it is expected in real life, is dependent on the prognosis of
the underlying health technologies and socio-technical systems that are
engaged.

Prognosis of health care socio-technical systems is usually articulated
through other wordings rather than prognosis. We usually express our
prediction and prognosis about those systems by evaluations, where the
projection of the future is an embodied element. Evaluations are the
prediction of how their subject systems and their provided health care are
accessible, available, effective, secure, efficient, and how they will provide
other relevant qualities.35 Evaluations, especially the summative ones,
are pointless if they cannot bear their validity for a short or long term
future.

Health information systems, as a subset of health-related socio-technical
systems, can typify how evaluation is a form of prognosis. While the
evaluation frameworks might lack a consensus on what to evaluate„74,75

or they take a dynamic approach in definingwhat to evaluate.58 However,
the evaluation aspects mentioned in those frameworks or the output
of their applications usually have a prognostic notion, and they lead
to prognostic outcomes. In Table 6.1, examples of these notions and
outcomes are presented. The qualities on the left side of the table are
those extracted from the FI-STAR project.58 The prognostic impacts
on the right side of the table are of conjecture nature, for the outcomes
studied rigorously one should consult with the studies about the clinical
impact of health information technologies.36,76

To conclude: prognostic studies that study the course of disease in the
presence of treatment should be extended to include the prognosis of the
health technologies and systems that have beenused in the corresponding
health setting. This extension can happen by running health technology
evaluation studies.

A unified perspective for prognostic and evaluation studies can fulfil
the ultimate mission of prognosis in a more holistic and contemplative
manner. Evaluation studies gain more value than before if they get
connected to prognosis studies.
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Quality Possible Impact on Prognosis

Satisfaction Higher adoption →Higher number of applica-
tions of a better intervention→Longer survival
or lower morbidity rates

Accessibility More patients or professionals can use the sys-
tem →Higher number of applications of a bet-
ter intervention →Longer survival and lower
mortality or morbidity rates

Adherence Higher rate of successful treatments →Longer
survival and lower mortality or morbidity rates

Affordability More inclusion →Longer survival and lower
mortality or morbidity rates
Frees up the budget for other health interven-
tions →Better but more expensive treatments
become feasible →Longer survival and lower
mortality or morbidity rates

Availability Less denial of service →Longer survival and
lower mortality or morbidity rates

Efficiency Better allocation of limited health resources
→Higher inclusion of patient population
→Longer survival and lower mortality or mor-
bidity rates

Effectiveness: Higher rate of successful treatments →Longer
survival and lower mortality or morbidity rates

Empowerment Better control of the cases by the patient or pro-
fessional →Longer survival and lower mortal-
ity or morbidity rates

Safety Not adding to or amplifying the risks →Main-
taining the same survival, mortality, and mor-
bidity rates
More safe treatments →Longer survival and
lower mortality or morbidity rates

Trustability Higher adoption →Higher number of applica-
tions of a better intervention→Longer survival
and lower mortality or morbidity rates

Table 6.1: Significance of qual-
ity to success relations.
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6.2 Automated and Continuous Evaluation

In study Vwe proposed the design of a semi-automated and continuous
evaluation system. Parts of this design still need to be implemented.
For example, automating the evaluation process by automated imple-
mentation of UVON, using text analytics, and incrementally replacing
explicit user feedbacks by their tacit opinion expressed in automatically
measurable indicators. Also, component IV in this design needs imple-
mentation and validation.

6.3 Total Technology Adoption

Looking at the publication of health informatics journals, one can
withstand that the number of e-health applications that have a chance to
be reported and evaluated in a scientific paper is considerable. One can
imagine the total number of e-health applications being run in real-life
should be much more. Almost all of these studies focus on evaluating
and reporting on specific e-health applications in specific contexts. What
they usually miss, is the success of those applications when introduced
in an environment already saturated by a plethora of other e-health
applications.

Techno-stress in a known concept in the literature of technology
acceptance77 and user satisfaction.78 E-health applications, like most of
the other information systems, take a share of our limited capacity to
interact with devices. Any e-health application is opaque for our mind
to some extent; it allocates a part of our cognitive capacity to themselves.
An extended evaluation of e-health applications needs to consider this
limit.

6.4 Design for Success

How can one traceback the success factors of a health information sys-
tem to specific features in the system, coordinations in the health setting,
or education of its users? The ultimate outcome of an evaluation can be
to provide learning materials for future actions and designs. Finding a
way to recreate evaluation results as design guidelines, feature requests,
and setting or preparation recommendations employs evaluation out-
comes in the right way.
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6.5 Sustainability of Health Information Systems

The success of a system cannot be a short-term situation. A successful
system should experience a reasonably-long course of life. In a health
setting, health information systems, like any other product, go through
a course of life-cycle where eventually they get retired and replaced by
brand newer systems. Thought, the path of this course is not necessarily
straightforward. A health setting might reject a health information sys-
tem, probably reflecting by the low number of acceptance, for various
reasons. The rejection might cause reverting to the previous situation
or seeking a new solution. Then it comes the question of what is the
difference between being retired or being rejected? How long should a
system perform in a health setting to be considered a successful system?

The success of a system is situation that is the child of an over-arching
concept of sustainability. A sustainable system can sustain its success for
a determined period, and it does not disrupt the vital characteristics of
the whole setting or ecosystem. Sustainability of a system is only partially
dependent on the traditional success indicators such as satisfaction and
acceptance of the system by its users, but the system also needs to qualify
in other aspects. A sustainable system shoulddeliver not only the same set
of functionalities but also the same amount of value-added. It is possible
that a system maintains the same degree of delivery in functionality but
fails in delivering the same level of added value, due to changes in the
environment, standards or users’ demands.

To maintain the same level of value, a sustainable system needs to up-
grade its functionality continuously. However, there are usually points
in the timeline where being replaced by a brand new system is more
affordable, efficient, and effective. These points should be far from the
commence of the system, and preferably being anticipated in advance.

As retiring and replacing a health information system is inevitable, a
successful system should be defined as the one that makes it smooth and
practical. It is important how the parts of the system can be reused or
how the data can be recycled. The system should be loosely coupled to
other elements of the health setting or health care ecosystem, allowing a
smooth replacement.
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Summary Points

Focus

• What are the extensions and future works to the studies
done

Key Messages

• Health prognosis of an individual is interwoven with the
prognosis of his health care setting. Evaluation of the un-
derlying health technology in the setting provides the prog-
nosis for the latter part and should be included in the sake
of a more holistic approach.

• Prognostic and technology evaluation studies are of a simi-
lar nature. Prognostic studies can be enriched by consider-
ing health technology evaluation studies. *Automated and
continuous evaluationmechanism is the next step for mod-
els and frameworks of evaluation in health information
systems.

• Success of a system should be investigated in the context
of parallel usage, competing, and coexistence with other
technologies and systems. *Success factors can perform as
drivers for design. They can lead, inspire, and prioritize
features. *The concept of success in health information
systems shouldbe expanded and enhancedby sustainability
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Evaluating Health Information Systems Using
Ontologies

ShahryarEivazzadeh, PeterAnderberg,TobiasC.Larsson,
Samuel Fricker, Johan Berglund

Abstract

Background There are several frameworks that attempt to ad-
dress the challenges of evaluation of health information sys-
tems by offering models, methods, and guidelines about what
to evaluate, how to evaluate, and how to report the evaluation
results. Model-based evaluation frameworks usually suggest
universally applicable evaluation aspects but do not consider
case-specific aspects. In the other hand, evaluation frame-
works that are case-specific, by eliciting user requirements,
limit their output to the evaluation aspects suggested by the
users in the early phases of system development. Also, these
case-specific approaches extract different sets of evaluation
aspects from each case, making it challenging to collectively
compare, unify, or aggregate the evaluation of a set of hetero-
geneous health information systems.

Objectives The aim of this paper is to find a method capable of
suggesting evaluation aspects for a set of one or more health
information systems—whether similar or heterogeneous—by
organizing, unifying, and aggregating the quality attributes



100 Evaluating Success Factors of Health Information Systems

extracted from those systems and from an external evaluation
framework.

Method Based on the available literature in semantic networks
and ontologies, a method (called UVON) was developed that
can organize, unify, and aggregate the quality attributes of
several health information systems into a tree-style ontology
structure. The method was extended to integrate its gener-
ated ontology with the evaluation aspects suggested bymodel-
based evaluation frameworks. An approach was developed to
extract evaluation aspects from the ontology that also consid-
ers evaluation case practicalities such as themaximumnumber
of evaluation aspects to be measured or their required degree
of specificity. Themethodwas applied and tested in FI-STAR,
a project of seven cloud-based e-health applications that were
developed and deployed across European Union countries.

Results The relevance of the evaluation aspects created by the
UVON method for the FI-STAR project was validated by
the corresponding stakeholders of each case. These evalua-
tion aspects were extracted from aUVON-generated ontology
structure that reflects both the internally declared required
quality attributes in the seven e-health applications of the FI-
STAR project and the evaluation aspects recommended by
the MAST evaluation framework. The extracted evaluation
aspects were used to create questionnaires (for the correspond-
ing patients and health professionals) in order to evaluate each
individual case and the whole of the FI-STAR project.

Conclusions The UVON method can provide a relevant set of
evaluation aspects for a heterogeneous set of health informa-
tion systems by organizing, unifying, and aggregating the qual-
ity attributes through ontological structures. Those quality
attributes can be either suggested by evaluation models or
elicited from the stakeholders of those systems in the form of
system requirements. Themethod continues to be systematic,
context-sensitive, and relevant across a heterogeneous set of
health information systems.
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8.1 Introduction and Background

In one aspect at least, the evaluation of health information systems
matches well with their implementation: they both fail very often.1–3

Consequently, in the absence of an evaluation that could deliver insight
about the impacts, an implementation cannot gain the necessary accredi-
tation to join the club of successful implementations. Beyond the reports
in the literature on the frequent accounts of this kind of failure,3 the re-
ported gaps in the literature,4 and newly emerging papers that introduce
newways of doing health information system evaluation,5 including this
paper, can be interpreted as a supporting indicator that the attrition war
on the complexity and failure-proneness of health information systems
is still ongoing.6 Doing battle with the complexity and failure-proneness
of evaluation are models, methods, and frameworks that try to address
what to evaluate, how to evaluate, or how to report the result of an eval-
uation. In this front, this paper tries to contribute to the answer to what
to evaluate.

Standing as a cornerstone for evaluation is our interpretation of
what things constitute success in health information systems. A body
of literature has developed concerning the definition and criteria of a
successful health technology, in which the criteria for success go beyond
the functionalities of the system.7,8 Models similar to Technology Ac-
ceptance Model (TAM), when applied to health technology context,
define this success as the end-users’ acceptance of a health technology
system.9 The success of a system, and hence the acceptance of a health
information system, can be considered the use of that systemwhen using
it is voluntary, or it can be considered the overall user acceptance when
using it is mandatory.10,11

To map the definition of success of health information systems onto
real world cases, certain evaluation frameworks have emerged.6,12 These
frameworks, with their models, methods, taxonomies, and guidelines,
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are intended to capture parts of our knowledge about health information
systems. This knowledge enables us to evaluate those systems, and it
allows for the enlisting and highlighting of the elements of evaluation
processes that are more effective, more efficient, or less prone to failure.
Evaluation frameworks, specifically in their summative approach, might
address what to evaluate, when to evaluate, or how to evaluate.6 These
frameworks might also elaborate on evaluation design, the way to mea-
sure the evaluation aspects, or how to compile, interpret, and report the
results.13

Evaluation frameworks offer a wide range of components for design-
ing, implementing, and reporting an evaluation, among which are sug-
gestions or guidelines for finding out the answer towhat to evaluate. The
answer to what to evaluate can range from the impact on structural or
procedural qualities to more direct outcomes such as the overall impact
on patient care.14 For example, in the STARE-HI statement, which pro-
vides guidelines for the components of a final evaluation report of health
informatics, the “outcome measures or evaluation criteria” parallel the
what to evaluate question.13

To identify evaluation aspects, evaluation frameworks can take two
approaches: top-down or bottom-up. Frameworks that take a top-down
approach try to specify the evaluation aspects through instantiating a
model in the context of an evaluation case. Frameworks that focus on
finding, selecting, and aggregating evaluation aspects through interacting
with users, i.e., so-called user-centered frameworks, take a bottom-up
approach.

In the model-based category, TAM and Extended Technology Ac-
ceptance Model (TAM2) have wide application in different disciplines
including health care.7 Beginning from a unique dimension of behav-
ioral intention to use (acceptance) , as a determinant of success or failure,
the models go on to expand it to perceived usefulness and perceived ease
of use,7,15 where these two latter dimensions can become the basic con-
structs of the evaluation aspects. The Unified Theory of Acceptance and
Use of Technology (UTAUT) framework introduces four other deter-
minants: performance expectancy, effort expectancy, social influence, and
facilitating conditions.16 Of these, the first two can become basic elements
for evaluation aspects, but the last two might need more adaptation to
be considered as aspects of evaluation for a health information system.

Some model-based frameworks extend further by taking into con-
sideration the relations between the elements in the model. The Fit
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between Individuals, Task and Technology (FITT) model includes the
task element beside the technology and individual elements. It then goes
on to create a triangle of “fitting” relations between these three elements.
In this triangle, each of the elements or the interaction between each pair
of elements is a determinant of success or failure11); therefore, each of
those six can construct an aspect for evaluation. The Human, Organiza-
tion, and Technology Fit (HOT-fit) model builds upon the DeLone &
McLean Information Systems Success Model17 and extends further by
including the organization element beside the technology and human ele-
ments.5 This model also creates a triangle of “fitting” relations between
those three elements.

Outcome-based evaluation models, such as the Health IT Evaluation
Toolkit provided by the Agency for Healthcare Research and Quality
(AHRQ), consider very specific evaluation measures for evaluation. For
example, in the above-mentioned toolkit, measures are grouped in do-
mains, such as efficiency, and there are suggestions or examples for possi-
ble measures for each domain, such as percent of practices or patient units
that have gone paperless.18

In contrast to model-based approaches, bottom-up approaches are
less detailed on about the evaluation aspects landscape; instead, they
form this landscape by what they elicit from stakeholders. Requirement
engineering, as a practice in system engineering and software engineering
disciplines, is expected to capture and document, in a systematic way,
user needs for a to-be-produced system19). The requirements specified
by requirement documents, as a reflection of user needs, determine to a
considerable extent what things need to be evaluated at the end of the
systemdeployment andusage phase, in a summative evaluation approach.
Some requirement engineering strategies apply generic patterns and
models to extract requirements,19 thereby showing some similarity, in
this regard, to model-based methods.

The advantages of elicitation-based approaches, such as requirement
engineering, result from an ability to directly reflect the case-specific
user needs in terms of functionalities and qualities. Elicitation-based
approaches enumerate and detail the aspects that need to be evaluated, all
from the user perspective. Evaluation aspects that are specified through
the requirement engineering process can be dynamically added, removed,
or changed due to additional interaction with users or other stakeholders
at any time. The adjustments made, such as getting more detailed or
more generic, are the result of new findings and insights, new priorities,
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or the limitations that arise in the implementation of the evaluation.
The advantages in the requirement engineering approach come at

a cost of certain limitations compared to model-based methods. Most
of the requirement elicitation activities are accomplished in the early
stages of system development, when the users do not have a clear image
of what they want or do not want in the final system20). However, a
model-based approach goes beyond the requirements expressed by the
users of a specific case by presenting models that are summaries of past
experiences in a wide range of similar cases and studies.

Being case-specific by using requirement engineering processes has a
side effect: the different sets of evaluation aspects elicited from each case,
which can even be mutually heterogeneous. Model-based approaches
might perform more uniformly in this regard, as they try to enumerate
and unify the possible evaluation aspects through their models imposing
a kind of unification from the beginning. However, there still exists
a group of studies asking for measures to reduce the heterogeneity of
evaluation aspects in these approaches.12

Heterogeneity makes evaluation of multiple cases or aggregation of
individual evaluations a challenge. In a normative evaluation, compa-
rability is the cornerstone of evaluation21), in the sense that things are
supposed to be better or worse than one another or than a common
benchmark, standard, norm, average, or mode, in some specific aspects.
Without comparability, the evaluation subjects can, at best, only be
compared to themselves in the course of their different stages of life
(longitudinal study).

In health technology, the challenge of heterogeneity for comparing
and evaluation can be more intense. The health technology assessment
literature applies a very inclusive definition of health technology, which
results in a heterogeneous evaluation landscape. The heterogeneity of
evaluation aspects is not limited to the heterogeneity of actors and their
responses in a health setting; rather, it also includes the heterogeneity of
health information technology itself. For example, the glossary of health
technology assessment by INAHTA describes health technology as the
“pharmaceuticals, devices, procedures and organizational systems used in
health care.”22 This description conveys how intervention is packaged in
chemicals, supported by devices, organized as procedures running over
time, or structured or supported by structures in organizational systems.
Similarly inclusive and comprehensive definitions can be found in other
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studies.23,24 This heterogeneous evaluation context can create problems
for any evaluation framework that tries to stretch to accommodate a
diverse set of health technology implementations. This heterogeneity can
present challenges for an evaluation framework in comparing evaluation
aspects25 and, consequently, in summing up reports26 as well as in the
creation of unified evaluation guidelines, and even in the evaluation of
the evaluation process.

By extracting the lowest common denominators from among evalu-
ation subjects, thereby creating a uniform context for comparison and
evaluation, we can tackle the challenge of heterogeneity via elicitation-
based evaluation approaches. Vice versa, the evaluation aspects in an
evaluation framework suggest the common denominators between dif-
ferent elements. The lowest common denominator, as its mathematical
concept suggests, expands to include elements from all parties, where
the expansion has been kept to the lowest possible degree.

Usually, there are trade-offs and challenges around the universality of
an evaluation aspect related to how common it is and its relativeness (i.e.,
how low and close to the original elements it lies). When the scopes differ,
their non-overlapped areas might be considerable, making it a challenge
to find the common evaluation aspects. Furthermore, the same concepts
might be perceived or presented differently by different stakeholders.27

Also, different approaches usually target different aspects to be evaluated,
as a matter of focus or preference.

It is possible to merge the results of model-centered and elicitation-
centered approaches. The merged output provides the advantages of
both approaches while allowing the approaches to mutually cover for
some of their challenges and shortcomings.

In Future Internet Social and Technological Alignment Research (FI-
STAR), as well as other similar health information systems comprised of
multiple applications, it can be challenging to find a unified evaluation
approach for the different quality attributes in those application. Each
application exposes a different set of value cases and quality attributes.
The evaluation of all these diversified use-cases clearly demands amethod
for unification of the aspects, which enables comparing the applications
with each other and aggregating the individual assessments into a unified
one. Regarding the future possible expansions of the FI-STAR, this uni-
fication should be dynamic and adaptable, being able to accommodate
new evaluation requirements introduced by new cases. The detection
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and unification of evaluation aspects should be homogeneous along the
time, especially when it is accommodating new cases; therefore it should
be methodical to be repeatable with reasonably homogeneous results.

The aim of this paper is to address the question of what to evaluate in a
health information systemby proposing amethod (calledUnified eValua-
tion using ONtology) which constructs evaluation aspects by organizing
quality attributes in ontological structures. The method deals with
the challenges of model-based evaluation frameworks by eliciting case-
specific evaluation aspects, adapting and integrating evaluation aspects
from some model-based evaluation frameworks and accommodating
new cases that showup over time. Themethod can address heterogeneity
by unifying different quality attributes that are extracted from one or
more evaluation cases. This unification is possible with some arbitrary
degree of balance between similarities and differences with respect to the
needs of evaluation implementation. As a proof of the applicability of
the proposed method, it has been instantiated and used in a real-world
case for evaluating health information systems.

The structure of the rest of this paper follows. The research method
that resulted in theUnified eValuationusingONtology (UVON)method
is described in Section 8.2. The result, i.e., the UVON method, is cov-
ered in Section 8.3.1, while its application in the context project is cov-
ered in Section 8.3.2. The rationale behind the method is discussed in
Section 8.4, and the possible extensions and limitations are found in
Sections 8.4.1 and 8.4.2. The Section 8.5 summarizes the conclusions of
the paper.

8.2 Method and Materials

The FI-STAR project is a pilot project in e-health systems funded by
the European Union (EU). The evaluation of the FI-STAR project has
been the major motive, the empirical basis, and the testbed for our pro-
posed evaluation method, i.e., the UVON method (to be described in
Section 8.3). FI-STAR is a project within the Future Internet Public-
Private Partnership (FI-PPP) and relates to the Future Internet (FI) series
of technology platforms. The project consists of seven different e-health
cloud-based applications being developed and deployed in seven pilots
across Europe. Each of these applications serves a different community
of patients and health professionals28 and has different expected clinical
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outcomes. FI-STAR and its seven pilot projects rose to the challenge of
finding an evaluation mechanism that can be utilized both to evaluate
each project as well as to aggregate the result of those evaluations as an
evaluation of the whole FI-STAR project.

A general review of the existing evaluation frameworks was done.
Existing model-based evaluation frameworks, which usually suggest uni-
versal quality attributes for evaluation, could not cover all the quality
attributes (i.e., evaluation aspects) reflected by the requirement docu-
ments of the pilot projects in FI-STAR. Even if there was a good coverage
of the demanded evaluation aspects, there was still no guarantee that
they could maintain the same degree of good coverage for the future
expansions of the FI-STAR project. On the other hand, the requirement
documents from the FI-STAR project were not expected to be the ulti-
mate sources for identifying those quality attributes. It was speculated
that there could exist other relevant quality attributes that were cap-
tured in the related literature or embedded in other, mostlymodel-based,
health information system evaluation frameworks. For these reasons,
it was decided to combine quality attributes both from the FI-STAR
sources and a relevant external evaluation framework. In order to find
other relevant evaluation aspects, a more specific review of the current
literature was performed that was more focused on finding an evalua-
tion framework of health information systems that sufficiently matched
the specifications of the FI-STAR project. The review considered the
Model for ASsessment of Telemedicine applications (MAST) frame-
work29 as a candidate evaluation framework. This evaluation framework
was expected to cover the quality attributes that were not indicated in the
FI-STAR requirement documents but that were considered necessary to
evaluate in similar projects. These extra quality attributes are suggested
by expert opinions and background studies.29 Nevertheless, it was nec-
essary to integrate the quality attributes extracted from this framework
with the quality attributes extracted from the FI-STAR requirement
documents.

Regarding the heterogeneity of FI-STAR’s seven pilot projects, an
evaluation mechanism was needed to extract common qualities from
different requirement declarations and unify them. A review of the
related literature showed that the literature on ontologies refers to the
same functionalities, i.e., capturing the concepts (quality attributes in our
case) and their relations in a domain.30 It was considered that sub-class
and super-class relations and the way they are represented in ontology
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unify the heterogeneous quality attributes that exist in our evaluation
case. For the purposes of the possible future expansions of the FI-STAR
project, this utilization of ontological structures needed to be systematic
and easily repeatable.

8.3 Results

A method was developed to organize and unify the captured quality
attributes via requirement engineering into a tree-style ontology struc-
ture and to integrate that structure with the recommended evaluation
aspects from another evaluation framework. The method was applied
for the seven pilots of the FI-STAR project, which resulted in a tree-style
ontology of the quality attributes mentioned in the project requirement
documents and the MAST evaluation framework. The top 10 nodes
of the tree-style ontology were chosen as the 10 aspects of evaluation
relevant to the FI-STAR project and its pilot cases.

8.3.1 The UVON Method for Unifying the Evaluation Aspects

Methodical capture of a local ontology31 from the quality at-
tributes, i.e., evaluation aspect ontology, and reaching unification by the
nature of its tree structure is the primary strategy behind our method.
Therefore, the UVON method is introduced, so named to underline
Unified eValuation of aspects as the target and ONtology construction or
integration as the core algorithm. The ontology construction method
presented in this paper is a simple, semi-automated method, configured
and tested against FI-STAR project use cases. The UVON method does
not try to introduce a new way of ontology construction; rather, it fo-
cuses on how to form a local ontology31,32 out of the quality attributes
of a system and utilize it for the purpose of finding out what to evaluate.
In this regard, the ontology construction in the UVON method is a
reorganization of common practices, such as those introduced by 2001.

The ontology structure, in its tree form, is the backbone of the UVON
method. Modern ontology definition languages can show different type
of relations, but for the sake of ourmethod here, we only use the is of type
relation. The is of type relation can also describe pairs such as parent and
child, super-class and sub-class, or general and specific relations. This
kind of relation creates a direct acyclic graph structure which is or can be
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converted to a tree form. In this tree, the terms and concepts are nodes
of the tree. The branches consist of those nodes connected by is of type
relations. The tree has a root, which is the super-class, parent, or the
general form of all other nodes. Traditionally, this node has been called
the thing.30

Figure 8.2 is an example of how this ontology structure can look. All
the nodes in this picture are quality attributes, except the leaf nodes at the
bottom, which are instances of health information systems. While going
up to the top layers in the ontology, the quality attributes become more
generic, at the same time aggregating and unifying their child nodes.
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Figure 8.2: An example snap-
shot of the output ontology
while running the UVON
methodThe UVON method is composed of three phases: α, β, and γ (Fig-

ure 8.3). In the first phase, all quality attributes elicited by the require-
ment engineering process are collected in an unstructured set that is
respectively called α set. In the next phase (β), based on the α set, an
ontology is developed by the UVON method, which is called β (beta)
ontology. In the next step, if the ontology is extended by an external
evaluation framework (as discussed in the method), then it is called γ
(gamma) ontology.
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The β ontology construction begins with a special initial node (i.e., qual-
ity attribute) that is called thing. All the collected quality attributes are
going to begin a journey to find their position in the ontology structure,
beginning from the thing node and going down the ontology structure
to certain points specified by the algorithm. This journey is actually a
depth-first tree traversal algorithm33 with some modifications. To avoid
confusion in the course of this algorithm, a quality attribute that seeks
to find its position is called a traveling quality attributes or𝑄𝑡.

The first quality attribute simply needs to add itself as the child of
the thing root node. For the remaining quality attributes, each checks to
see if there exists any child of the thing node, where the child is a super-
class (superset, super-concept, general concept, more abstract form, etc.)
with regard to the traveling quality attribute (𝑄𝑡). If such a child node
(quality attribute) exists (let’s say 𝑄𝑛) then the journey continues by
taking the route through that child node. The algorithm examines the
children of𝑄𝑛 (if any exist) to see if it is a sub-class to any of them (or
they are super-class to𝑄𝑡).

The journey ends at some point because of the following situations: If
there is no child for a new root quality attribute (𝑄𝑛), then the traveling
quality attribute (𝑄𝑡) should be added as a child to this one and its
journey ends. That is the same if there exist children to a new root
quality attribute (𝑄𝑛), but none of them is a super-class and nor a sub-
class to our traveling quality attribute. Beside these two situations, it
is possible that no child is a super-class, but one or more of them are
the sub-class of the traveling quality attribute (𝑄𝑡). In this situation,
the traveling quality attribute (𝑄𝑡) itself becomes a child of that new
root quality attribute, and those child quality attributes move down to
become children of the traveling quality attribute (𝑄𝑡).

To keep the ontology as a tree, if a traveling quality attribute (𝑄𝑡)
finds more than one super-class child of itself in a given situation, then
it should replicate (fork) itself into instances, as many as the number of
those children, and go through each branch separately. It is important
to note that, logically, this replication cannot happen over two disjoint
(mutually exclusive) branches.

It is also possible to inject new quality attributes in between a parent
node and children, but only if it does not break sub-class or super-class
relations. This injection can help to create ontologies in which the nodes
at each level of the tree have a similar degree of generality, and each branch
of the tree grows from generic nodes to more specific ones.
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This customized depth-first tree traversal algorithm, which actually
constructs a tree-style ontology instead of just traversing one, is consid-
ered semi-automated, as it relies on human decision in two cases. The
first case is when it is needed to consider the super-class to sub-class re-
lations between two quality attributes. The gradual development of
the ontology through the UVON method spreads the decision about
super-class to sub-class relations across the course of ontology construc-
tion. The unification of heterogeneous quality attributes (nodes) is the
result of accumulating these distributed decisions which are embodied
as super-class to sub-class relations. Each of these relations (i.e., deci-
sions) makes at least two separate quality attributes closer together by
representing them through more generic quality attributes.

Also, one can inject a new quality attribute to the ontology tree, even
though that quality attribute is not explicitly mentioned in the require-
ment documents. This injection is only allowed when that quality at-
tribute summarizes or equals a single or a few sibling quality attributes
that are already in the ontology. The injection can improve clarity of
the ontology. It can also help adjust the branches of the ontology tree to
grow to a certain height, which can be helpful when a specific level of
the tree is going to be considered as the base for creating a questionnaire.
This adjustment of branch height might be needed if a branch is not tall
enough to reach a specific level, meaning none of the quality attributes in
that branch gets presented in the questionnaire. In addition, if a quality
attribute is very specific compared to other quality attributes in that level
of the tree, the questions in the questionnaire become inconsistent in
their degree of generality. This inconsistency can be handled by injecting
more generic quality attributes above the existing leaf node in the branch.
All the above mentioned benefits come with the cost of subjectivity in
introducing a new quality attribute.

The γ phase ontology is constructed the same as the β phase, but it adds
materials (quality attributes) from external sources. In this sense, the
quality attributes specified in an external evaluation framework, proba-
bly amodel-based one, should be extracted first. Those quality attributes
should be fed into the β ontology the same as other quality attributes
during the β phase. The UVON method does not discriminate between
quality attribute by the origin, but it might be a good practice to mark
those quality attributes originally from the external evaluation frame-
work if we need later to make sure they are used by their original names
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tion for a health information
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in the summarizing level (to be discussed in the following paragraphs).

Each level of the resulting ontology tree(s) —except those that are
deeper than the length of the shortest branch—represents or summarizes
quality attributes of the whole system in some degree of generality or
specificity. That of the root node is the most general quality attribute,
which is too general to be useful for any evaluation; as for the levels
below, each gives a view of the quality attributes in the whole system.
As each parent node represents a general form of its children, each level
summarizes the level below. We refer to one of these levels of the ontology
tree that is considered for creating a questionnaire as the summarizing
level.

The quality attributes in each of the other levels (such as 𝐿1 in Fig-
ure 8.5) can be evaluation aspects (i.e., the answer to what to evaluate)
that can be measured by a questionnaire or other measurement meth-
ods. Also, depending on the measuring method, the level below the
summarizing level can be used to give details for each of the evaluation
aspects.

The practicalities of measurement in a case determine which summa-
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rizing level to choose. Levels closer to the root can be too abstract while
deeper levels can be too detailed. Also, the number of quality attributes
in a level can impact which level is appropriate. In the FI-STAR project,
the limitation on the number of questions in the questionnaire was a
determinant for selecting the summarizing level, where only level 2 fit
the project limitations (although level 3 helped to make each question
more detailed). It is possible to grow a short branch by adding a chain
of children that are the same as their parents to make the branch reach a
specific level, thereby making that level selectable as a summarizing level.

8.3.2 Result of the UVON Method Application in the FI-STAR
Project

Harvesting the value-cases and requirement documents for all seven
trial-cases in the FI-STAR project provided the initial set of quality at-
tributes, i.e., the α set. Several quality attributes were redundant or simi-
lar, but it was left to the UVON method to unify them. There were also
several quality attributes with the samewording but different conceptual
indications in their respective usage contexts. These quality attributes
we added to the α set with small modifications to differentiate them
from each other. For example, two different references to efficiency were
converted to efficiency by reducing complexity and efficiency by reducing
time.

In the next step, i.e., β phase, the UVON method developed β ontol-
ogy by using the α set. The redundant quality attributes were integrated
into single entities, while other quality attributes were grouped by their
direct or indirect parents in the ontology structure regarding their degree
of similarity or dissimilarity.

Also, it was noticed that quality attributes are preferred—though, not
necessarily always—to be noun phrases rather than adjective phrases; this
is because fulfilling a quality attribute expressed in an adjective phrase
could imply that all of its child quality attributes need to be fulfilled.
For example, to fulfill the quality of being safe, it is required to be both
safe for patient and safe for medical personnel. This is in contrast to the
child is type of parent relations that exist between the ontology entities.
But, if we consider the noun form (noun phrase), e.g., safety rather
than safe, then safety for patient and safety for medical personnel are all
subtopics of safety; hence, thatwould be correct andmore intuitive. Also,
considering that each node in the ontology is an aspect for evaluation can
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make deciding parent-child relations more straightforward. For example,
the safety node should be read as safety aspect, and its child should be
read as safety for patient aspect.

Applying the UVON method in its β and γ phases, respectively, cre-
ated the β and γ ontology structures. The first ontology structure (β)
is based on the α set of collected quality attributes, whereas the second
one (γ) extends the β ontology by integrating the MAST framework
evaluation aspects (grouped as domains) as specified by MAST.29 Here,
“integration is the process of building an ontology in one subject reusing
one or more ontologies in different subjects”.34 In this sense, γ ontol-
ogy is constructed by mapping, aligning, or merging35 the ontological
representation of the external framework evaluation aspects (MAST in
our case) to the β ontology. The result of the integration is shown in
Table 8.3.

The MAST framework specifies 7 evaluation domains, where each
contains several topics (aspects or sub-aspects).29 Due to the FI-STAR
project requirements, we ignored clinical effectiveness and socio-cultural,
ethical, and legal domains (Thesewere the jobof other teams). Oneother
domain, health problem and description of the application as well as some
aspects in other domains could not be considered as quality attributes
and were removed from the process. The remaining four domains that
were fed into the UVONmethod are safety, patient perspectives, economic
aspects, and organizational aspects. There was an interesting observation,
a possible motivation for further investigations: the aspects in those
four domains overlap considerably with the evaluation aspects that were
elicited from FI-STARusers and formed into an ontology by the UVON
method.

Both the β andγ ontology structures were described inWebOntology
Language (OWL) using Protégé version 4.x software. OWL, as an ontol-
ogy language, can describe a domain of knowledge through its lingual
elements and their relations.36 In OWL, there exist individuals, classes,
class relations, individual relations, and relation hierarchies.37 In FI-STAR
ontology structures, the individuals were mapped to the use-cases in the
FI-STAR project; classes were used to represent quality attributes (i.e.,
the evaluation aspects); and class relations became the hierarchal relations
between quality attributes (i.e., is of type or the super-class to sub-class
relations). Individual relations and relation hierarchies were not utilized.

Some generic nodes were inserted in order to group sibling nodes
that were conceptually closer together in the ontology structure. If a
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quality attribute was connected to two different branches, it was forked
and presented in the both branches (as described before); that keeps the
ontology in a tree structure rather than an acyclic directed graph.

Quality Attributes

1. Accessibility

2. Adhereability

3. Affordability

4. Authenticity

5. Availability

6. Efficiency

7. Effectiveness

8. Empowerment

9. Safety

10. Trustability

Table 8.2: The list of quality
attributes appearing in the sec-
ond level of the ontology using
the UVON method in the FI-
STAR project.

Applying the UVONmethod in the FI-STAR project case, at the end
of the γ phase, 10 nodes appeared below the root of the ontology tree
(Table 8.2). These 10 quality attributes at the second level of the tree
are parents to other child nodes; therefore, each is the unification and
aggregation of other quality attributes that were originated either in the
FI-STAR requirement documents or the MAST framework and reside
below these 10 quality attributes. The number 10 was within the scope
of practical considerations for creating an evaluation questionnaire for
the FI-STAR project, but we also considered the third level of the tree
to provide more details for each question in the questionnaire. Due to
separation of responsibilities in the FI-STAR project, these 10 quality
attributes do not represent other aspects such as the clinical effectiveness
or legal and ethical ones. The number could have been larger than 10 if
we had included those aspects when applying the UVON method in the
project.

In the FI-STAR project, the measurement of evaluation aspects was
performed through a questionnaire based on those 10 extracted aspects in
the γ ontology. Two versions of the questionnaire had been created: one
for the patients andone for the health professionals, where each expressed
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Table 8.3 – continued from the previous page.

MAST Final top aspect

Domains Aspects

Patient perspectives

Satisfaction and acceptance N/A***

Understanding of information Accessibility

Confidence in the treatment Trustability and Authen-
ticity

Ability to use the application Accessibility

Access and accessibility Accessibility

Empowerment, self-efficacy Empowerment

Economic aspects

Amount of resources used when
delivering the application and com-
parators

Efficiency

Prices for each resource Efficiency

Related changes in use of health
care

N/A*

Clinical effectiveness N/A**

Expenditures per year Affordability

Revenue per year N/A**

Organizational aspects

Process N/A* , but can relate to
Efficiency

Structure N/A*

Culture N/A*

continued on the next page.
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Table 8.3 – continued from the previous page.

MAST Final top aspect

Domains Aspects

Socio-cultural, ethical, and le-
gal aspects

N/A**

* Not a quality attribute
** Not included because of the FI-STAR project definition and division of tasks
*** Had been already covered by some generic questions

the same concept in two different wordings (Note: one operation theatre
case did not have patient questionnaire).

Generally and regarding practicalities of an evaluation case, it is possi-
ble to consider deeper levels of the resultingγ ontology in a given case. In
the FI-STAR case, this possibility is reflected in a sample question on effi-
ciency from the questionnaire (Figure 8.4), where a general question got
more detailed by considering other quality attributes below the second
level of the ontology. This possibility of going deeper is also depicted in
Figure 8.5.

In the FI-STAR project, the quality attributes (and later the ques-
tionnaires) were delivered to each case’s stakeholders, who were asked
to validate the relevancy of each quality attribute or the corresponding
question regarding their case. All the cases in the FI-STAR project vali-
dated and approved their relevancy, while some asked for minor changes
in the wordings of some of the questions to be clearer for the patient
respondents in their case.

8.4 Discussion

Ontologies are formal and computable ways of capturing knowl-
edge in a domain —whether local or global31— by specifying the do-
main’s key concepts (or objects) and interconnecting them by a prede-
fined set of relations.30 Formality and computability help to commu-
nicate knowledge between people or software agents, enable reuse of
knowledge, make explicit declaration of the assumptions, and facilitate
the analysis and study of the domain knowledge.30 Inference algorithms
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can infer and extract new knowledge or predict or deduce new situations
by analyzing an ontology. As reflected in the above ontology description,
an ontology is structured as a network (mathematically a graph). Limit-
ing the kind of relations between the concepts might result in specific
structural forms such as trees.

An ontology would be formed as a hierarchy if the relations between the
concepts are limited to theis of type relation, where each non-leaf concept
is a more generic form or super-class to its children. This hierarchy can
be an acyclic direct graph if we allow one concept to be a sub-class of
more than one other concept, and it would be a tree if one concept is
a sub-class of only one other concept. The acyclic directed graph can
be converted to a tree if we replicate the same concept-leaf in different
branches. The unification that exists in the nature of a tree graph, i.e.,
unification of branches toward the root, is the source of unification
that we want to apply for the evaluation of quality attributes in health
information systems; that is why the UVON method creates this type of
structure.

Ontologies are traditionally the output ofmanual content curation
and its associated consensus-establishment processes.38 Nevertheless, au-
tomated or semi-automated methods of ontology construction might
reveal considerable advantages in efficiency, repeatability, and uniformity.
The UVON method described in this paper uses a semi-automatic ap-
proach toward creating tree-style ontologies for the sake of extracting



120 Evaluating Success Factors of Health Information Systems

:digging the enriched ontologies
for more indications

:context insensitive

:no consideration of dynamics

evaluation aspects.

8.4.1 Extending the Evaluation Utilizing the Ontology

The ontological representation of a health information system gives a
computable structure from which several indications, including evalua-
tion aspects, can be extracted. Functions can be defined on this ontology
that quantify, combine, compare, or select some of the nodes or branches.
The ontology itself can be extended by assigning values to its nodes and
edges, giving the possibility of further inferences. For example, if two
nodes (quality attributes) are disjoint (mutually exclusive), any two chil-
dren from each of them would be disjoint, respectively. If during the
application of theUVONmethod, bymistake, one quality attributewere
replicated into two disjoint branches, then this mistake can be detected
and avoided automatically (replication would be disallowed between
those specific nodes).

As discussed in Section 8.3.2 and shown in Table 8.3, we skipped the
clinical effectiveness and socio-cultural, ethical, and legal domains from
the MAST framework due to the project definition. Nevertheless, the
UVON method can consider those aspects when they are applicable and
there are no project restrictions. Therefore, we hope to witness more
inclusive applications of the UVON method in the future cases.

Also, the selection of the MAST framework was due to its common
themes with the e-health applications in the FI-STAR project. We en-
courage application of the UVONmethod by considering other relevant
evaluation frameworks, not necessarily MAST. The results of those ap-
plications can demonstrate the powers, weaknesses, and extension points
of the FI-STAR method.

The UVON method is context-insensitive in its approach. Still, more
empirical evidences with a higher degree of diversity are needed to exam-
ine what the challenges or advantages of applying the UVON method
are in a more diverse range of fields beyond health information systems.

8.4.2 Limitations of the UVON Method

The UVON method is subject to conceptual and methodological lim-
itations in its capacities. Probably, a prominent conceptual limitation
is the fact that the method does not represent or give an account of the
dynamics of the health information systems; hence, it cannot facilitate
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their evaluation. The relations in the UVON-constructed ontologies are
restricted to the is of type relationship and cannot reflect how qualities
or other indicators impact each other. The absence of insight about the
dynamics of a health information system prevents predictive evaluations.
In consequence, any emergent behavior that is not explicitly captured by
requirement documents or the to-be-merged external evaluation frame-
work is going to be ignored. From the other side, it can still be imagined
that the output ontologies of theUVONmethod can be used as scaffolds
in models that incorporate dynamics of health information systems.

The UVON method partially relies on subjective decision-making,
which can create methodological limitations and challenges. Although
the main strategy in the UVON method is to minimize these subjective
decisions, the existing ones can still result in creating different ontologies
in different applications of the method. As a suggestion, for the sake
of reaching more convergence, it is possible to think of enhancing the
method with more objective lexical analytical methods. Methods of
ontology construction and integration, especially those concerning class
inheritance analysis,35 can be valid candidates for these types of methods.

UVON-generated ontologies are not advised for universal ap-
plication. However, for a new case of evaluation, a UVON-generated
ontology that was developed for similar cases can be considered as an
alternative to developing a new ontology with consideration to project
resource limitations. This reuse should be accomplished with due con-
sideration to the fact that quality attributes of the same wording might
indicate slightly differentmeanings indifferent cases. This case-sensitivity
of meanings might result in different sub-class and super-class relations,
changing the structure of the ontology and making the reuse of the
unadjusted ontology problematic.

TheUVONmethod cannot guarantee that in the output ontology each
of thebranches that begin from the rootwill reach the level of the tree (i.e.,
have a node at that level) where we want to base our questionnaire (or
any other measurement method). Hence, a short branch might need to
be extended to appear at some specific tree level where the questionnaire
is based. Also, the method does not guarantee that the quality attributes
in that level are all of the same degree of generality of specificity. It is also
not guaranteed that the number of nodes (quality attributes) at any level
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matches the practicalities of evaluation; there can be too few or toomany.
For example, in the FI-STAR case, the number of quality attributes in
the target level (level 2) had to match with the appropriate maximum
number of questions that could be put in a questionnaire; fortunately,
it was within the boundaries.

It is also possible, at least in theory, that all quality attributes end up
being a direct child of the root thing node. The resultant dwarf and
horizontally inflated ontology structure does not unify any of the child
quality attributes; hence, the method output would be useless. The
methodological limitations can result in the need for manual adjust-
ments, such as adding extra nodes between some parent-child nodes.
Of course, the manual adjustments can add more subjectivity into the
formation of the ontologies.

The UVON method permits integrating evaluation aspects from other
evaluation frameworks. Still, it does not guarantee that the result will
include all features of the integrated evaluation framework. Still, this
integration involves the suggested evaluation aspects of those evaluation
frameworks. If a frameworkdynamically changes its suggested evaluation
aspects, for example, based on the evaluation case specifications, the
UVON does not follow that dynamic feature. Also, the straightforward
wordings for an evaluation aspect in an evaluation framework might
be obscured by going through the integration process in the UVON
method, being replaced by more generic terms.

8.5 Conclusion

The unifying nature of ontologies, when they are in tree form, can
be used to create a common ground of evaluation for heterogeneous
health technologies. Ontologies can be originated from requirement and
value-case documents, i.e., internal; they can be extracted from available
external evaluation frameworks, i.e., external; or they can be originated
from amix of both internal and external sources. TheUVONmethod in-
troduced in this paperwas able to create a commonground for evaluation
by creating an ontology from requirement and value-case documents
of the seven trial projects in the FI-STAR project and extend that ontol-
ogy by mixing elements from the MAST evaluation framework. The
UVON method can be used in other, similar cases to create ontologies
for evaluation and to mix them with elements from other evaluation
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frameworks.
The UVON method stands in contrast with other methods that do

not consider case-specific internal requirements or cannot be easily ex-
tended to include other evaluation frameworks. The ontological struc-
ture of evaluation aspects created by the UVON method offers the possi-
bility of further investigations for other indications related to evaluation
of the subject systems.

The final result of applying the UVON method in the FI-STAR
project resulted in 10 evaluation aspects to be chosen for measurement.
This set of evaluation aspects can grow adaptively to project changes, be
repeated in similar cases, and be a starting point for future evaluations
in similar projects. By applying the UVON method in more cases, a
possible stable result can be suggested for the set of generic evaluation
aspects that are usable in evaluation cases similar to FI-STAR.
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Summary Points

What was already known on the topic? * Evaluation of health
information systems is challenging and prone-to-fail in deliver-
ing the right insight. * Many of evaluation methods for health
information systems consider evaluating the impact on health
settings and not just the impact at the clinical level. * Evaluation
frameworks for health information systems usually offer static
and non-case-specific evaluation aspects.
What this study added to our knowledge?
• It is possible to create a unified set of evaluation aspects by us-

ing ontology construction method, overcoming the challenge
of heterogeneity of health information systems.

• It is possible to create a dynamic and case-specific evaluation
framework for a health information system by using ontol-
ogy construction method instead of applying fixed evaluation
aspects.
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Abstract
Background: There are several frameworks that attempt to address the challenges of evaluation of health information systems
by offering models, methods, and guidelines about what to evaluate, how to evaluate, and how to report the evaluation results.
Model-based evaluation frameworks usually suggest universally applicable evaluation aspects but do not consider case-specific
aspects. On the other hand, evaluation frameworks that are case specific, by eliciting user requirements, limit their output to the
evaluation aspects suggested by the users in the early phases of system development. In addition, these case-specific approaches
extract different sets of evaluation aspects from each case, making it challenging to collectively compare, unify, or aggregate the
evaluation of a set of heterogeneous health information systems.
Objectives: The aim of this paper is to find a method capable of suggesting evaluation aspects for a set of one or more health
information systems—whether similar or heterogeneous—by organizing, unifying, and aggregating the quality attributes extracted
from those systems and from an external evaluation framework.
Methods: On the basis of the available literature in semantic networks and ontologies, a method (called Unified eValuation
using Ontology; UVON) was developed that can organize, unify, and aggregate the quality attributes of several health information
systems into a tree-style ontology structure. The method was extended to integrate its generated ontology with the evaluation
aspects suggested by model-based evaluation frameworks. An approach was developed to extract evaluation aspects from the
ontology that also considers evaluation case practicalities such as the maximum number of evaluation aspects to be measured or
their required degree of specificity. The method was applied and tested in Future Internet Social and Technological Alignment
Research (FI-STAR), a project of 7 cloud-based eHealth applications that were developed and deployed across European Union
countries.
Results: The relevance of the evaluation aspects created by the UVON method for the FI-STAR project was validated by the
corresponding stakeholders of each case. These evaluation aspects were extracted from a UVON-generated ontology structure
that reflects both the internally declared required quality attributes in the 7 eHealth applications of the FI-STAR project and the
evaluation aspects recommended by the Model for ASsessment of Telemedicine applications (MAST) evaluation framework.
The extracted evaluation aspects were used to create questionnaires (for the corresponding patients and health professionals) to
evaluate each individual case and the whole of the FI-STAR project.
Conclusions: The UVON method can provide a relevant set of evaluation aspects for a heterogeneous set of health information
systems by organizing, unifying, and aggregating the quality attributes through ontological structures. Those quality attributes
can be either suggested by evaluation models or elicited from the stakeholders of those systems in the form of system requirements.
The method continues to be systematic, context sensitive, and relevant across a heterogeneous set of health information systems.
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9
Most Influential Qualities in Creating Satisfaction
Among the Users of Health Information Systems:
Study in Seven European Union Countries

ShahryarEivazzadeh, JohanS.Berglund,TobiasC.Larsson,
Markus Fiedler, Peter Anderberg

Abstract

Background Several models suggest how the qualities of a prod-
uct or service influence user satisfaction. Models, such as the
Customer Satisfaction Index (CSI), Technology Acceptance
Model (TAM), andDelone andMcLean Information Systems
Success (D&MIS), demonstrate those relations and have been
used in the context of health information systems.

Objectives This study aimed to investigate which qualities
foster greater satisfaction among patient and professional
users. In addition, we are interested in knowing to what
extent improvement in those qualities can explain user satis-
faction and if this makes user satisfaction a proxy indicator
of those qualities.

Methods The Unified eValuation using ONtology (UVON)
method was used to construct an ontology of the required
qualities for 7 electronic health (eHealth) apps being devel-
oped in the Future Internet Social andTechnological Align-
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mentResearch (FI-STAR)project, a EuropeanUnion (EU)
project in eHealth. The eHealth apps were deployed across
7 EU countries. The ontology included and unified the re-
quired qualities of those systems together with the aspects
suggested by the Model for ASsessment of Telemedicine
applications (MAST) evaluation framework. Moreover, 2
similar questionnaires for 87 patient users and 31 health
professional users were elicited from the ontology. In the
questionnaires, user was asked if the system has improved
the specified qualities and if the user was satisfied with the
system. The results were analyzed using Kendall correla-
tion coefficients matrices, incorporating the quality and
satisfaction aspects. For the next step, two partial least
squares structural equation modelling (PLS-SEM) path
models were developed using the quality and satisfaction
measure variables and the latent construct variables that
were suggested by the UVON method.

Results Most of the quality aspects grouped by the UVON
method are highly correlated. Strong correlations in each
group suggest that the grouped qualities can be measures
that reflect a latent quality construct. The PLS-SEM path
analysis for the patients reveals that the effectiveness, safety,
and efficiency of treatment provided by the system are the
most influential qualities in achieving and predicting user
satisfaction. For the professional users, effectiveness and
affordability are the most influential. The parameters of
thePLS-SEMthat are calculated allow for themeasurement
of a user satisfaction index similar to CSI for similar health
information systems.

Conclusions For both patients and professionals, the effec-
tiveness of systems highly contributes to their satisfaction.
Patients care about improvements in safety and efficiency,
whereas professionals care about improvements in the af-
fordability of treatments with health information systems.
User satisfaction is reflectedmore in the users’ evaluation of
system output and fulfillment of expectations but slightly
less in how far the system is from ideal. Investigating sat-
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isfaction scores can be a simple and fast way to infer if the
systemhas improved the abovementioned qualities in treat-
ment and care.

Keywords

Health Information Systems, Telemedicine, Evaluation Studies
as Topic, Consumer Behavior, Treatment Outcome, Safety, Ef-
ficiency, Health Care Costs, Ontology Engineering, Equation
Models

9.1 Introduction

The normative evaluation of health information systems is articulated
through a frequently used set of keywords such as acceptance or adop-
tion,1,2 success,3 and satisfaction4,5 . Each of these keywords reminds us
how a health information system inherits traits from its conceptual an-
cestors, that is, the information system, technology, and product. For an
overall evaluation of these systems, one might measure how well these
information systems succeed,6,7 how these technologies are accepted by
users,8,9 or how the customers of these systems, patients or professionals,
are satisfied with these products.10 Below this layer of top indicators,
there exist sets of constructs and relationships that cause success, accep-
tance, or satisfaction. Researchers have tried to capture and demonstrate
through the models how success,6,10 acceptance,9 or satisfaction11–13 are
created by constructs such as perceived quality, perceived expectation,
ease of use, and other variables. Some of these models have largely been
employed in diverse contexts.14 There are also models, whether novel or
customized from the mainstream, that are specific to a smaller context
such as health information systems.15–17

The CSI model family places the satisfaction construct at the core of
their path structures. There, the satisfaction construct is affected by
leading indicators such as perceived quality. At the same time, it impacts
lagging indicators such as user loyalty. There are at least three versions
of CSI widely being used. The original CSI model was introduced in
Sweden.11 The American Customer Satisfaction Index (ACSI) improved
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the Swedish version,12 and then the European Customer Satisfaction
Index (ECSI) enhanced theAmerican version.18 TheECSImodel consists
of 9 latent construct variables,18 which aremeasuredby a series ofmeasure
or manifest variables. Historically, CSI models have been used at macro
levels where the satisfaction of customers at the national level or the level
of an enterprise was the matter of concern. The wording of CSI models,
such as the customer term, and the inclusion of some constructs, like
loyalty, suggest that measuring user satisfaction at the micro level, that is,
the product level, was not their main target. However, the manifestation
of the satisfaction concept in the CSI models through its 3 manifest
variables18 is versatile enough to measure satisfaction at both micro or
macro levels with the same wording. CSI models introduce a way of
measuring satisfaction scores through adding theweighted scores of those
3 variables, which inspires similar approaches in various disciplines. In
comparison with using the CSI models for health information systems,
one might consider the patient satisfaction models19 that share a set
of common constructs and relations with the CSI models, but do not
necessarily embed the same structures or components.

The D&M IS model, a prevalent model for analysing the success of
information systems, sets out the relationship between user satisfaction
and quality dimensions.6,20 In this model, 3 categories of qualities, in-
formation, system, and service contribute to user satisfaction. There are
2 other constructs, net benefits and intention to use, that are in a bidirec-
tional impact relationship with user satisfaction.20 Several studies have
validated the causal relationships between the constructs in the D&M
IS model.21 In addition, there exists a long list of validated measures for
each of the constructs.22 The D&M IS model has broadly been used in
the health information system context.23 Furthermore, it has also been
extended and customized to be more specific for this context, such as in
the Human, Organization, and Technology Fit (HOT-fit) model,24 but
the extension has been directed more toward a wider perspective of orga-
nization and technology. Although some studies have incorporated25

or prioritized26 more specific qualities, further investigation is needed
to be more specific about the impacting qualities and their degree of
importance.

Technology acceptance models, such as TAM as well as the Uni-
fied Theory of Acceptance and Use of Technology (UTAUT), which
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are supported by a great many of studies,8,9 placed the acceptance of a
system or technology at the core of relationships. These models have
been applied in health information system studies, although they have
reported the significance of some of relationships differently.8 The user
acceptance of a health information system can be a prelude to or reflec-
tion of their satisfaction in using that system, but acceptance is not the
same as satisfaction. Some researchers have considered acceptance, that is
the behavioral intention to use in TAM, an equivalent for satisfaction,27

but the intention to use is a different construct from satisfaction in a
well-studied model like D&M IS.

Contextualizing TAM by adding variables has been a common prac-
tice.8,28,29 Indeed, contextualizing TAM for health information technol-
ogy has led to the introduction of some frequently employed variables,
such as fit.30 However, there is a shortage of studies applying a systematic
approach, such as belief elicitation,31 when introducing a new variable.8

For the CSI, D&M IS, and TAM, the set of relationships between
their proposed constructs have been already examined in various con-
texts.8,13,14 Nevertheless, for a specific context such as health information
systems, one might seek to develop new models, probably inspired by
those that are well-established, to expand a construct into more detailed
constructs or findmanifest variablesmore relevant to a case. For example,
the constructs that represent the qualities of a system are generalized
in those models or their variations as perceived quality;13 system, ser-
vice or information quality;20 and output quality.8 However, none of
those models represents a specific quality, such as safety, as a standalone
construct.

In addition, finding a systematic approach to define manifests for con-
struct variables, as mentioned before, is another direction for extending
amodel.8 Many of the evaluation frameworks for health information sys-
tems suggest the qualities to evaluate,32 arranged as categories or domains.
These frameworks implicitly suggest constructs and themanifests to each
construct. Simultaneously, the end users of health information systems
are another source for eliciting the qualities and their groupings.33

In the forthcoming sections, weput forth a list of qualities that create and
predict user satisfaction with health information systems. The qualities
are embedded within a path model that demonstrates their relationships
withuser satisfaction. This study’smethods andmaterials are discussed in
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Section 9.2. The qualities elicited from the FI-STAR project by applying
the UVON method are reported in Section 9.3, an exploratory result
is demonstrated in Section 9.3.1, and an estimated model is presented
in Section 9.3.2. The EU-wide empirical data collected through the FI-
STAR project, detailed in Sections 9.A and 9.2, is used to calculate and
validate themodel in Section 9.3.2. The results of exploration andmodel
calculations are discussed in Sections 9.4.1 and 9.4.2. Subsequently,
based on the model, the relative importance of qualities in creating and
predicting user satisfaction is discussed in Section 9.4.3. In the section
Section 9.4.4, weightings are suggested for the calculation of a satisfaction
index for health information systems. Finally, we examine the limits and
extensions to our approach and suggested model in Section 9.4.5.

9.2 Methods and Materials

The empirical data for this study has been collected from the FI-STAR
project, an EU eHealth project with 7 subprojects across the EU.34 A
convenience sampling approach was used for the recruitment of the
participants. Each eHealth app was deployed in a hospital or health
facility site and the users in the site, patients or health professionals,
were asked about their assessment of the impact of that specific solution
on treatment. Participation in the trials, and therefore the survey, was
voluntary with no mentioned preconditions. There was no constraint
on the type of eHealth project being developed provided that they follow
the FI-STAR requirements, especially using the Future Internet WARE
(FIWARE) infrastructure. However, most of the subprojects could be
categorized as telehealth apps. A summary of all subprojects can be
found in Section 9.A.

We applied the UVON method33 to the FI-STAR requirement doc-
uments together with the evaluation aspects from the MAST frame-
work.35 The quality aspects appearing in the result of theUVONmethod
are supposed to be provided by the eHealth apps developed in the FI-
STAR project. For each quality appeared in the UVON’s output, a ques-
tion was formulated according to that specific quality in the treatment.
The questions were categorized according to the resulting domains in the
UVON’s output. The answer alternatives to the questions were formed
as a 5-point Likert rating scale with unweighted scores. There were 20
qualities alongside the 3user satisfactionquestions fromECSI18 thatwere
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converted to two questionnaires. One questionnaire was customized for
the patients and the other one for the health professionals. The content
of the questionnaires can be found in Sections 9.B and 9.C. Responses to
the questionnaires by 87 patients and 31 health professionals, physicians
or nurses, were used for the models suggested in this study.

In 2 steps, we arrived at a model based on the empirical data from the
answers to the questionnaires. The calculations were done using the R
language, version 3.4.0.36 The bootstrapped significance calculation was
performed in SmartPLS software version 3.2.7 (SmartPLS GmbH).37

In the first step, a matrix of Kendall correlation τ coefficients for each
of the patient and professional questionnaires was formed. The results
are presented in Figures 9.2 and 9.3. Moreover, we used Cronbach’s α
test to measure the consistency of the results in the UVON-suggested
families of qualities as hints for finding constructs in the later steps. The
results of the Cronbach’s α test are presented in Table 9.5.

In the second step, we created a PLS-SEM path model. For each set
of the qualities that have already been grouped by the UVON method
and show a high degree of correlation, a latent construct variable was
considered. These latent variables are not directly measurable but mani-
fest themselves through quality and satisfaction variables. If a quality
corresponds only with a single question in the questionnaire, one latent
proxy variable was considered. Consequently, it would be possible to
add more measure variables to the same latent variable in future studies.
The PLS-SEM analysis was performed using the matrixpls library in R,
version 1.0.38 The sample size adequacy calculations were performed
using G*Power version 3.1, a program for statistical power analysis for a
variety of statistical tests.39

The result of PLS-SEM should be interpreted in the context of the
questionnaire. Accordingly, as discussed in Section 9.3.2, negative coeffi-
cients were considered noninformative and were excluded from the final
results. The validity of the result was demonstrated through a toolbox
of significance, discrimination analysis, internal consistency reliability,
and convergence validity. The calculation of significance indicators was
performed applying the bootstrapping approach using SmartPLS soft-
ware.37 Whenever applicable, the noninformative nature of negative
coefficients was considered during the validity and fitness calculations.40



142 Evaluating Success Factors of Health Information Systems

:UVON result

:inter-correlations and what
they point out

41: Friendly 2002

9.3 Results

Applying the methods mentioned in Section 9.2 produced the fol-
lowing results; a more detailed discussion can be found in Section 9.4.

The result of applying the UVON method on the FI-STAR project
was a tree-style ontology of qualities, of which the top-level qualities
are listed in Table 9.2.33 The questionnaires articulate those qualities
and their more specific subqualities. Table 9.2 is just an overview of the
qualities; details of the questions that were created for each quality can
be found in Sections 9.B and 9.C.

Descriptive statistics of the variables in the patient and professional
questionnaires, including mean, standard deviation, and median, are
shown in Tables 9.3 and 9.4.

9.3.1 Correlation Patterns

As can be seen in Figures 9.2 and 9.3, a spectrum of weak to strong cor-
relation coefficients appeared in the Corrgram diagrams41 for the patient
and professional questionnaire. The blank cells are the results that were
not statistically important (p > 0.05). The results of the Cronbach’s α
test can be found in Table 9.5.

9.3.2 The PLS-SEM models

The 2 PLS-SEM models and their loadings and coefficient values are
depicted in Figures 9.4 and 9.5. As is common with path models, latent
variables are depicted as ovals, wherease manifests are shown as boxes.
We considered all the measure variables as reflective, that is they do not
construct their respected latent variables, but they measure or manifest
them. The number label on the edge between a manifest and a latent
variable is the loading, and the number label on the edge between two
latent variables is the coefficient.

The most contributing and predictive qualities regarding satisfaction
are reported in Table 9.6 by specifying the coefficients of relationships
between qualities and the satisfaction construct. For the patients, the co-
efficients of effectiveness, safety, and efficiency qualities were higher than
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Qualities

1. Accessibility: if the app is accessible to different users.

2. Adherence: if the patients adhere more to treatment because
of the app.

3. Affordability: if the treatment becamemore affordable for the
patient or health care system because of the app.

4. Authenticity: if the information provided by the app is au-
thentic and correct (combined with safety).

5. Availability: if the service provided by the app is available by
demand.

6. Efficiency: if the treatment is more efficient because the app
was used.

7. Effectiveness: if the treatment process is more effective because
the app was used (except for clinical effectiveness).

8. Empowerment: if the app empowers the patient or health
professional to know more about their conditions or perform
their tasks better.

9. Safety: if the app itself is safe, or makes the treatment process
safer.

10. Trustability: if the app improves the trust of the patients in
treatment.

Table 9.2: The quality at-
tributes resulting from apply-
ing the UVON method to FI-
STAR requirement documents.
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Figure 9.2: Correlation matrix
for the patient questionnaire
results across all cases. For the
details of each variable, refer
to the corresponding question
in Section 9.B. Insignificant
(p>0.05) results are left blank.
Negative results are marked
with leftward- slanting lines.
Note that the qualities grouped
by the UVON method usually
show higher correlations to-
gether.
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Figure 9.3: Correlation matrix
for the professional question-
naire results across all cases. For
the details of each variable, re-
fer to the corresponding ques-
tion in Section 9.B. Insignif-
icant (p>0.05) results are left
blank. Note that the qualities
grouped by the UVON method
usually show higher correla-
tions together.
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Figure 9.4: PLS path model
for the patient questionnaire.
The constructs are shown as
ovals, and the number between
two constructs is the coefficient
value. Manifests are shown as
rectangles, and the number be-
tween a manifest and a con-
struct is the loading value of
that manifest.
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tween a manifest and a con-
struct is the loading value of
that manifest.
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Quality Mean (SD) Median

pa.adhereability 4.35 (0.73) 4.00
pa.affordability 4.1 (1.05) 4.00
pa.effectiveness.1 3.76 (0.94) 4.00
pa.effectiveness.2 4.28 (0.94) 5.00
pa.effectiveness.3 4.57 (0.77) 5.00
pa.efficiency.1 3.82 (0.88) 4.00
pa.efficiency.2 3.47 (0.9) 3.00
pa.efficiency.3 3.78 (0.97) 4.00
pa.empowerment 4.33 (0.9) 5.00
pa.general.sat.1 4.51 (0.79) 5.00
pa.general.sat.2 4.46 (0.73) 5.00
pa.general.sat.3 4.01 (1) 4.00
pa.safety.1 4.76 (0.46) 5.00
pa.safety.2 4.58 (0.64) 5.00
pa.safety.3 4.5 (0.86) 5.00
pa.trustability 4.62 (0.72) 5.00

Table 9.3: Descriptive statistics
of the variables in the patient
questionnaire.

:validation results

42: Henseler et al. 2015

the average (0.13) of all coefficients. Like the professional, coefficients of
the affordability and effectiveness qualities were higher than the average
(.51) of all coefficients.

The relationship of each measure variable in the path model with its
construct is associated with weights. The standardized weights for the
satisfaction construct measure variables are required for calculating the
user satisfaction index and can be found in Table 9.7.

The P value results of calculating the significance of quality to success
relationships using the bootstrapping approach are shown in Table 9.8.
The P values below 0.05 are marked with an asterisk. Regarding discrim-
inant analysis, the results of the heterotrait-monotrait (HTMT) ratio
are demonstrated in Table 9.9. HTMT being below 1.0, preferably 0.9,
satisfies the discriminatory criterion.42

The effect sizes of the samples were enough to show significant results
for the highest loading constructs, as shown in Table 9.6. Details of the
effect sizes and their associated power, by recalculating the PLS-SEM and
focusing on significant relations, are shown in Table 9.11 in Section 9.D.

For internal consistency reliability composite reliability (CR) values
and for convergence validity, average variance extracted (AVE) values
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Quality Mean (SD) Median

pr.accessiblity 3.96 (0.88) 4
pr.adhereability 3.91 (0.9) 4
pr.affordability 4.22 (0.8) 4
pr.availability 3.61 (0.99) 4
pr.effectiveness.1 3.39 (0.78) 4
pr.effectiveness.2 4.04 (0.77) 4
pr.effectiveness.3 4.26 (0.81) 4
pr.effectiveness.4 4.26 (0.81) 4
pr.efficiency.1 3.04 (1.02) 3
pr.efficiency.2 3.65 (0.93) 4
pr.efficiency.3 3.91 (1.12) 4
pr.empowerment.1 4.39 (0.58) 4
pr.empowerment.2 4.3 (0.47) 4
pr.general.sat.1 3.87 (1.1) 4
pr.general.sat.2 3.87 (0.97) 4
pr.general.sat.3 3.52 (0.9) 4
pr.safety.1 4.61 (0.58) 5
pr.safety.2 4.57 (0.59) 5
pr.safety.3 4 (0.67) 4
pr.safety.4 3.78 (0.8) 4
pr.safety.5 4.26 (0.69) 4
pr.safety.6 3.96 (0.82) 4
pr.trustability 4.22 (0.74) 4

Table 9.4: Descriptive statistics
of the variables in the profes-
sional questionnaire.

Quality Group Cronbach’s α

Patients
pa.general.sat.X .63
pa.efficiency.X .80
pa.effectiveness.X .63
pa.safety.X .67

Professionals
pr.general.sat.X .70
pr.efficiency.X .77
pr.effectiveness.X .75
pr.empowerment.X .82
pr.safety.X .79

Table 9.5: Cronbach’s α test re-
sults for the quality groups. Al-
though a score over .7 is usually
considered the desired cut-off
criterion, the CR values in Ta-
ble 9.10 can still better deter-
mine reliability.
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Coefficient

Quality Construct Patient Professional

Effectiveness .33 .86
Safety .22 .19
Affordability .02 .89
Efficiency .18
Adherence .11
Empowerment .06
Trustability .00
Accessibility .10

Table 9.6: The coefficients
of the qualities to Satisfac-
tion relationships in the PLS-
SEM path model show which
qualities contribute more to
satisfaction. Negative values
were left blank as being non-
informative (see Section 9.4.2).
For the conclusion, one should
consider the significance, as
shown in Table 9.8.

Standardized Weight

Patient Satisfaction
pa.general.sat.1 .36
pa.general.sat.2 .38
pa.general.sat.3 .25

Professional Satisfaction
pr.general.sat.1 .40
pr.general.sat.2 .32
pr.general.sat.3 .28

Table 9.7: Standard weights for
calculating the satisfaction in-
dex, based on the manifest vari-
able loadings for the Satisfac-
tion constructs in the patient
and professional path models.

43: Henseler et al. 2012

44: Chin 1998

were calculated for each construct, as depicted in Table 9.10. The mini-
mum CR should preferably be above 0.7.43 The minimum AVE should
preferably be above 0.5.44

pValue

Antecedent to Satisfaction Patient Professional

Adherence .16 .13
Affordability .38 .04*

Effectiveness .01* .01*

Efficiency .03* .37
Empowerment .25 .20
Safety .04* .38
Trustability .48 .30
Accessibility .41
Availability .418

Table 9.8: Significance of the
quality to Success relationships
by calculating the P values of
the relationships between the
qualities and the Satisfaction
construct. The p values less
than .05 are marked with an
asterisk.
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HTMT

Construct Pairs (A vs. B) Patient Professional

Efficiency → Satisfaction 0.21 0.84
Effectiveness → Satisfaction 0.79 1.07
Safety → Satisfaction 0.69 0.91
Effectiveness → Efficiency 0.04 0.68
Safety → Efficiency 0.09 0.62
Safety → Effectiveness 0.75 0.68
Empowerment → Satisfaction 0.69
Empowerment → Efficiency 0.76
Empowerment → Effectiveness 0.97
Safety → Empowerment 0.63

Table 9.9: The discriminant va-
lidity analysis shows if the man-
ifests of a construct in the pa-
tient or professional PLS-SEM
models has the strongest rela-
tionship with that construct
compared with another con-
struct. HTMT ratio results be-
low 1.0, preferably 0.9, satisfy
the discriminatory criterion.

Patient Professional

Construct CR AVE CR AVE

Satisfaction 0.82 0.60 0.83 0.63
Adherence 1.00 1.00 1.00 1.00
Affordability 1.00 1.00 1.00 1.00
Efficiency 0.88 0.71 0.87 0.70
Effectiveness 0.80 0.57 0.84 0.58
Empowerment 1.00 1.00 0.92 0.85
Safety 0.85 0.66 0.86 0.51
Trustability 1.00 1.00 1.00 1.00
Accessibility 1.00 1.00
Availability 1.00 1.00

Table 9.10: The result of in-
ternal consistency reliability
of the manifest variables by
measuring CR and their con-
vergence by calculating AVE,
grouped by constructs. A CR
value above 0.7 and an AVE
value above 0.5 are preferred.
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:inter-family correlations and
the latent variables

45: Gilpin 1993

46: Farrar et al. 1967

9.4 Discussion

This study advances and prioritizes the qualities in health information
systems that determine and predict user satisfaction, both for patients
and health professionals. As a secondary outcome, it also suggests weight-
ings for calculating the satisfaction index. The outcomes of the study
exhibit the effectiveness of the UVON method in proposing quality
constructs that can be applied to a path analysis. Conclusions from the
results are achieved in 2 steps. First, the correlations give better insight
about the groupings of the qualities as manifest variables of the latent
constructs. Second, the path model justifies and quantifies the relation-
ship between those grouped qualities, their latent construct variables,
and the satisfaction construct.

9.4.1 The Correlations

In the exploratory step, as shown in Figures 9.2 and 9.3, strong correla-
tions appear between the qualities that have been already grouped into a
family by the UVON method. These high correlations result from the
semantic unification of qualities across branches of an ontological tree by
the UVON method.33 For example, a set of above-medium correlations
exist within the efficiency, effectiveness, and safety family of qualities in
the patient questionnaire results, as well as within the empowerment,
effectiveness, safety, and efficiency families in the professional question-
naire results. The same is true for the satisfaction questions in both
groups of questionnaires.

The above correlations suggest that the members of a quality or sat-
isfaction group can be combined. Alternatively, in other words, they
manifest a common latent variable. It is worth mentioning that the
Kendall correlation τ is less generous than Spearman’s ρ in confirming
the correlations.45 Hence, there would be more confidence in positively
interpreting the correlation results and suggesting a common latent ori-
gin. The Cronbach’s α results in Table 9.5 confirm the same explanation
in the quality groups.

Besides the possible existence of latent variables, there are 2 other
corollaries to the correlations. First, the high degree of correlation be-
tween a family of qualities results in the multicollinearity problem. Mul-
ticollinearity makes ordinary regression techniques inefficient, and the
interpretation of the regression coefficients challenging.46 Two solutions



most influential qualities in creating satisfaction among the users of health
information systems: study in seven european union countries 153

47: Henseler et al. 2016

48: Hsu 2008

49: Livari 2005

50: Hair et al. 2014

can be taken here: choose one of the variables that show high correlation
with each other by using variable selection methods, such as least abso-
lute shrinkage and selection operator (LASSO) or apply a method that
is tolerant to the problem. The PLS-SEM approach used in this study is
tolerant to multi-collinearity; meanwhile, it can investigate the causality
relations between some correlated quality groups.

Second, the correlation between qualities and satisfaction aspects
suggests a causality relationship between quality and user satisfaction.
Similarly, there aremodels, such as the CSI family ofmodels11–13 as well as
the D&M ISmodel,20 that demonstrate a causality relationship between
qualities and satisfaction in parts of their structure. We can draw on
corroborations from the extensive amount of literature about those
models, both to enrich our model and verify the results.

A summary of the above discussion is that we can group the quali-
ties within a family as manifests of a latent variable, consider a causal
relationship from those quality latent variables to a satisfaction latent
variable, and present these groupings and relationships through a PLS-
SEM model.

9.4.2 The PLS-SEM models

The PLS-SEM path model has traditionally been used to represent
causalities for the CSI series,11,12,47 the models related to D&M IS,48,49

and similar intentions.50 This prevalence of usage gives the opportunity
to reuse someof thosemodels’ parts, compare their structures, and collate
their results. Other advantages of the PLS-SEM approach are the need
for small sample size and the ability of handling non-normal data.50

The 2 PLS-SEM path models in this study comply with the general
pattern in CSI, D&M IS, and TAM series models in which a central
construct — be it called system success, user satisfaction, customer satis-
faction, or user acceptance — is influenced by system qualities. Besides
the use of different constructs, each model captures a distinct level of
detail for the same or similar concepts. The CSI and TAM models are
more concerned about the general perception of quality, whereas D&M
IS examines further details about the qualities by considering 3 separate
constructs: system quality, information quality, and service quality. The
model presented in this study is inclined to be more domain-specific
by focusing on the health information system domain. The model is
also more concerned with the qualities improved in the whole treatment
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:discriminatory validation

:interpretation of the negative
coefficients

setting by using the health information system rather than the qualities
of the system. Finally, in comparison with the previously mentioned
mainstream models, the model in this study is more specific about the
type of qualities and how they compare in determining and predicting
user satisfaction.

Before discussing the qualities with themost influence on satisfaction,
model validity and the right way of interpreting the results need to be
investigated.

Regarding internal consistency reliability, CR indicators need to be
higher than 0.7,43 which is well satisfied (see Table 9.10). The CR shows
if the manifest variables of each construct measure the same thing. The
convergent indicator AVE needs to be more than 0.5 to indicate that
more than half of the variance in the measures isbecause the variance in
the construct.44 All the constructs in our PLS-SEM model satisfy this
criterion (refer to Table 9.10).

From the discriminatory validation perspective, both patient and pro-
fessional models show indications of correctly assigning the measure to
construct variables. TheHTMT ratio demonstrates if the assignment of
measuring variables to a specific construct is better, that is more relevant,
than other alternatives. All the HTMT results in both models, except
one as shown in Table 9.9, satisfy the specified criterion of being less
than 1. Furthermore, most of the HTMT values are less than 0.9, which
confirms discriminant validity.42 The only pair of constructs that have a
ratio value above 1 is the effectiveness and satisfaction pair for profession-
als. However, this unfulfilled criterion might be justified considering
that, in the domain, one should segregate satisfaction and effectiveness,
while effectiveness highly contributes to satisfaction. The relatively high
HTMT ratio for the pair of empowerment and effectiveness can indicate
that the users’ empowerment to reach effectiveness is not very distinctive
from the improved effectiveness.

The interpretation of the negative coefficients that appeared in themod-
els must be discussed. The wording in the FI-STAR questionnaires
captures only the user perspective on positive relationships but not the
negative ones. The information gathered from the questions is unidi-
rectional. Therefore, one cannot interpret the negative coefficients as an
indication that some qualities are inversely related to satisfaction.

For example, if it is asked whether the app has increased the effective-
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:effectiveness discussion

51: Seddon et al. 1996

52: Bailey et al. 1983

53: Jo et al. 2017

54: Liu et al. 2015

55: Hu et al. 1999

56: Schaper et al. 2007

57: Wu et al. 2007

ness of a treatment by decreasing the number of mistakes, a responder
might answer “disagree”. This answer can mean whether the user does
not believe that the app has decreased the number of mistakes in the
treatment; or the usermight think that the app has decreased the number
of mistakes, but does not contribute to the system’s effectiveness. On
the other hand, it is still a possible interpretation that the app has caused
more mistakes, however, we cannot separate this interpretation from
the other previously mentioned valid interpretations. Therefore, we can
only confirm the positive part of relationships, where quality contributes
to user satisfaction.

9.4.3 Most Influential Qualities

As shown inTable 9.8, there are constructswhose relationships to the sat-
isfaction construct are statistically significant. Those constructs also have
considerable impact on satisfaction, as depicted in Table 9.6. Regarding
satisfaction as the major contributor to success51 and the indicator of
voluntary acceptance,14 we extend our discussion to cover similar studies
that report on these 2 indicators.

Within the list of qualities in Table 9.8 with a significant relationship
to the satisfaction construct, the degree of effectiveness is considerably
predictive in creating satisfaction. Both patients and professionals care
considerably whether an app has increased the effectiveness of treat-
ment and care. This result highlights the nonintuitive contrast between
the effectiveness of other qualities, such as the efficiency for patients,
in affecting their satisfaction. Nevertheless, there can be alternative in-
terpretations. For example, if the apps in the FI-STAR project could
significantly improve efficiency for patients, efficiency might have shown
an impact as the effectiveness on satisfaction.

This result confirms the studies that consider effectiveness the major
contributor or even equivalent to user satisfaction, generally, in informa-
tion systems.14,51,52 More specifically, this study parallels the studies that
reported effectiveness (sometimes expressed as usefulness) as themost, or
one of the most, influential qualities for the satisfaction of patients53 or
health professional users54–56 in a variety of health information systems.
Nevertheless, there exist studies that reached a different conclusion in
prioritizing the most influential qualities.57

It should be noted that improvements in the effectiveness of the treat-
ment is not articulated identically in all those studies. For comparison,
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58: Kim et al. 2012

:affordability discussion

59: Akter et al. 2011

60: Handayani et al. 2017

61: Hsiao et al. 2013

62: Steininger et al. 2014

63: Berner et al. 2005

:efficiency discussions

64: Boonstra et al. 2010

one needs to consider this discrepancy.8 Some studies have used perfor-
mance,54 a term presumably borrowed from the D&M IS and TAM
families. In addition, some studies reported similar manifest variables to
effectiveness in our study — see Sections 9.B and 9.C — such as making
fewer mistakes.58

According to our results, affordability has a high degree of impact
on satisfaction for professionals, similar to effectiveness. The study could
not generate significant results regarding the affordability to satisfaction
relationship from the patient perspective, whereas this nonsignificant
impact result is also negligible. An explanation might be that, in the FI-
STAR setting, patients did not have to be concerned about the costs and
affordability of solutions, while professionals might have a more holistic
perspective. In a different setting, where patients are more concerned
about treatment costs, their satisfactionmight bemore influenced by the
improvements in affordability, showing higher significance and magni-
tude in the coefficient that relates affordability to satisfaction constructs.

Although studies report increased affordability and cost reduction
in treatment can improve the satisfaction and acceptance of health in-
formation systems,2,59 only some of these studies quantify or compare
the degree that affordability and cost reduction affect satisfaction. In
addition, many studies such as ours could not report definitively how
patients perceived cost-reduction quality, considering patients usually
do not pay for treatment in the context of a study.5,60 Some studies
that rely on TAM models have considered affordability, alongside other
factors, as a manifest to perceived usefulness.8,61,62 These studies show a
relatively high or above-average impact on professional users’ satisfaction,
acceptance, or intention to use.61,62 Our results in Table 9.6 comply with
these studies. It is worth noting that some studies declared the same
idea in a negative form, where being costly is considered a barrier to
acceptance2,60,63 or success.7

Patients showed some degree of improved satisfaction when there
was an improvement in efficiency or safety. It is important to note that
health information systems, as a side effect, can degrade the status of
efficiency or safety in a health care setting.64 Hence, their contribution to
overall satisfaction can even be negative. However, as highlighted before,
our questionnaires were not designed to differentiate between the states
of negative impact and no impact.
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65: Schweitzer et al. 2012

66: Tung et al. 2008

67: Zailani et al. 2014

:safety discussion

68: Salleh et al. 2016

69: Pai et al. 2011

70: Wong et al. 2012

71: Peeters et al. 2012

Considering most of the apps in the FI-STAR project could be cat-
egorized as telemedicine apps (please refer to Section 9.A), it could be
predicted that efficiency, achieved by eliminating the hassle of distant
travels, contributes to user satisfaction to some extent. Despite our ini-
tial expectations, the degree of impact on satisfaction, although existing,
was less than the previously mentioned factors. Our expectation was
based on similar studies that investigated the impact of efficiency im-
provements on satisfaction and acceptance: the degree of impact was
recorded relatively more than our study.1 It is also important to note
that we considered a separate category for affordability and cost saving
quality, whereas some studies considered cost saving a form of improv-
ing efficiency65 or a manifest to perceived usefulness;62 therefore, other
results should be compared with more attention to this detail. From the
other side, some studies considered other forms of efficiency, rather than
affordability, as manifests to perceived usefulness.55,66,67 Regarding the
coefficients and loadings in models of the aforementioned studies, in
comparison with our results, they have recorded a higher impact from
efficiency on the satisfaction or acceptance of users.

Looking at the safety questions for the patients in Section 9.B, it
seems that being informed about the situation and capable of keeping
the situation in check is the source of the safety to satisfaction causality.
Like other qualities, safety has been categorized in various constructs in
the studies, whether as a manifest to provider performance,68 perceived
usefulness,62 outcome,62 or information satisfaction.62

To the best of our knowledge, there are few studies that investigate
the impact of safety brought by health information systems on the satis-
faction or acceptance of the users of those systems. However, one should
pay attention to this caveat that the safety concept might have divergent
embodiments in various studies. Two of the manifest variables in our
models, pa.safety.2 and pr.safety.3, refer to providing correct information
which is also mentioned in distinct studies, mostly as a manifest variable
for the information quality construct.26,58,69 In these studies, providing
the correct information influences satisfaction or acceptance relatively
high or above average. Moreover, there are some studies on the systems
in which their primary function is to improve safety aspects. As can be
anticipated, they report a high impact from safety on the intention to
use.70,71
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:satisfaction index

:other satisfaction indexes

72: Doll et al. 2004

9.4.4 Satisfaction Index

Each of the satisfaction constructs in the PLS-SEM models is opera-
tionalized by 3 measure variables, embodied as 3 questions. The rela-
tionship of each of these measure variables with the latent satisfaction
construct is characterized by loading and weighting values. The weight-
ing valuesmake it possible to calculate a weighted satisfaction index, both
for patients and professionals. Using this index can be a makeshift way
of assessing qualities inside health information systems.

The standardized weightings for the scores of the 3measure questions
of satisfaction are determined by the overall balance in the model as
it is implemented by the PLS-SEM algorithm. The weightings, along
with the scores of those 3 questions, make it possible to calculate the
user satisfaction that is engendered by the improvement of qualities.
Without the weightings, the satisfaction score represents the evaluation
of a kind of unidentified trait that is relevant but not necessarily the same
as a quality engendered satisfaction. A larger and more diverse sample
population of respondents and apps might be needed to stabilize the
weightings for a larger scope.

Collecting satisfaction scores is a common practice in health-related
studies. However, to the best of our knowledge, the studies on health in-
formation systems that suggest a kind of satisfaction index with adjusted
weights regarding other qualities are limited. Conversely, the studies
that have calculated the parameters of TAM or D&M IS models in their
contexts or have used a path model that includes user satisfaction along-
side other impacted qualities, such as53,56,69 , implicitly suggest a kind of
indexing for adoption and satisfaction aspects. Nevertheless, there are
barriers to utilizing the measures suggested for the satisfaction construct.
First, the extent and diversity of subjects in these studies are important
factors to reuse their suggested measures and their associated weights.
Second, using arbitrary measure questions or the number of items for
measurement can create a burden beyond a study’s resources. A sample
of this case is the End User Computing Satisfaction (EUCS) measures
that range from 12 to 39 items.52,72 Although some studies have the re-
quired resources to apply them,25 using those instruments is not feasible
in many other cases. Our focus on the 3 standard satisfaction measures
from CSI makes it easier to implement the study and simultaneously
facilitates the running of interdisciplinary comparisons and knowledge
about the satisfaction of users (customers) of health information systems
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73: DeFranco et al. 2017

74: Davis 1989

and other services and products.
The qualities investigated in this study can explain different amounts

of satisfaction variations with R2 = 0.43 for patient satisfaction and R2 =
0.88 for professional satisfaction, as depicted in Figures 9.4 and 9.5). The
satisfaction index can facilitate an informed guess about the qualities
when the user perspectives on those qualities are missing or hard to elicit.
This approach is a makeshift way to evaluate the qualities improved by
a system. A practical app might be to use the satisfaction index when
comparing two similar systems in similar contexts. Another app is to
compare the past andpresent state of the same system that has undergone
quality improvement, but no other system or environmental aspect
has been changed. Generally, if there are similarities in context and
functionalities, and there has been no drastic change or difference in
qualities improved by systems, the satisfaction index can serve as a good
indicator for an informed guess about those qualities.

9.4.5 Extensions and Limitations

The list of most influential qualities should be read with the precaution
of how the similar or even the same qualities have been articulated dif-
ferently in studies.73 Studies that recruit highly cited frameworks also
tend to recruit similar wordings for the qualities. However, other studies
practice their freedom to use the wording that best matches their case,
resulting in divergent wordings for similar concepts. In our case, notably,
the improvement of a treatment’s effectiveness is largely similar to per-
formance or performance expectancy in the studies that are based on the
TAM family and consider the performance expectancy  definition as “the
degree towhich an individual believes that using the systemwill help him
or her to attain gains in job performance”.74 It is similar to what we asked
about effectiveness (refer to Sections 9.B and 9.C). However, one can still
find research based on TAM studies that used performance expectancy
as a form of efficiency.29 In addition, efficiency in our study is more or
less similar to effort expectancy or perceived usefulness in the TAM series.
Some other studies have used productivity or even performance instead of
what we called efficiency,68 and others considered efficiency as a manifest
to perceived usefulness.8,55,66,67

Another caveat when comparing the results is that the qualities spec-
ified in our study are the qualities of the treatment or care that using
FI-STAR systems might have improved, which are different from the
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intrinsic qualities of those systems. Accordingly, for example, a higher
speed system might increase the affordability of treatment and care in
some way. What we have focused on was the affordability of care but
not the speed of the system. Therefore, reports on the intrinsic system
qualities that have increased user satisfaction or acceptance cannot be
compared directly with our study, unless those qualities get translated to
their final impact on treatment and care.

All the eHealth apps, being developed in the FI-STAR project, were
supposed to support the required general technical specifications which
includes using the FIWARE infrastructure and being based on software
to data paradigm.75 These requirements were not constraints on the
diversity of apps, as it is indicated in Section 9.A. Nevertheless, the di-
versity of the apps should be considered when generalizing the results
of this study. For example, if the main outcome of an app is improving
the safety of treatment, users might consider both safety and effective-
ness almost the same; however in other apps they can consider them as
distinctive qualities. As another example, the effect of some apps on
affordability of treatment can be varied in a different context, when the
patients pay for the treatment. This study relies on the output of the
UVON method, which extracts common qualities between a set of apps,
however as it is shown in abovementioned examples, user perspectives
on those common qualities could be diverse. Therefore, generalization
of the results of this study should be done with bearing this caveat in
mind.

The predictive power of qualities in projecting user satisfaction can
support design decision making for health information systems. When
trade-offs are necessary, designers can prioritize features if they can com-
pare their user satisfaction yield. Knowing the quality profile of each
feature, one can combine that with the table of quality to satisfaction
magnitudes, such as in Table 9.6, to arrive at more informed feature
selection decisions.76

Another extension to the model of this study is to consider the qual-
ities or system usage ramifications that impact satisfaction negatively.
This needs to articulate questions to capture negative attitudes — not
noninformative ones — about the impacts of systems. That kind of
wording permits elicitation of constructs that are negatively related to
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other constructs or new manifest variables for the current constructs
that reflect the construct negatively.

A possible future extension to our PLS-SEM model is to consider re-
lationships between quality latent variables. In the model presented
in this study, no relationship has been proposed between the quality
constructs, but one might try, for example, to investigate if a system that
improves adherence also changes user attitudes about its contribution
to effectiveness. However, considering that only recursive relationships
can be used in the PLS-SEM models, we cannot investigate the circular
impact between qualities and satisfaction with this technique.77

9.5 Conclusions

The satisfaction of health information system users is highly influenced
by certain qualities that are improved by those systems. Both patient and
professional users consider improvements to the effectiveness of health
care a highly important quality thatmakes them satisfiedwith the system.
For patient users, safety and efficiency qualities come after effectiveness
in creating satisfaction. For health professionals, better health care af-
fordability brought by health information systems is important, much
like effectiveness, in creating their satisfaction.

The PLS-SEM model presented in this study can demonstrate the
above ranking of qualities in the creation of user satisfaction. Further-
more, the model suggests weightings to calculate the satisfaction index
for health information systems. The satisfaction index can be used to
compare and monitor health information systems from user satisfaction
and quality improvement perspectives.

Summary Points

Study focus

• The study focuses on the qualities that contribute most to
the satisfaction of the users of health information systems
across EU.

Key messages
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• Effectiveness, safety, and efficiency are the most important
qualities to create satisfaction for the patient users across
the EU.

• Effectiveness and affordability are themost important qual-
ities for creating satisfaction for health care professional
users, across the EU.

• The satisfaction index appears to be a way of comparing
quality improvements across systems

Strengths

• More specific qualities have been detailed for the context
of health information systems that contribute to user satis-
faction.

• The satisfaction index can be calculated by using the 3
satisfaction questions and their associated weightings.

• In comparison with similar, but more generic studies, the
model presented in this research can be developed to ac-
commodate more specific and detailed measure variables
for measurements and validations.

• The study is based on 7 eHealth apps developed and de-
ployed across 7 EU countries.

• The effect size of the quality to satisfaction relationship can
be used in the design phase of health information systems
to trade-off between alternative features.

• For health information systems, quality improvements, or
differences can be estimated by changes in the satisfaction
index.

Limitation

• The study does not evaluate actual system adoption among
users.

• The study is specific to health information systems and EU
users.

• The study does not extend to consider the impact of the sys-
tem provider, organization, or other environmental factors
on user satisfaction.
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What was already known before on the topic?

• The general impact of qualities on user satisfaction has
been investigated intensively in the studies which are based
on D&M IS (success and satisfaction) and CSI (satisfac-
tion), and less directly on TAM (acceptance) models.

What did this study add to our knowledge?

• Which specific qualities patient users across the EU consid-
ered most important.

• Which specific qualities health care professional users
across the EU considered most important.

• What the weights of measure variables are for calculating
the satisfaction index for health information systems.
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Abstract
Background: Several models suggest how the qualities of a product or service influence user satisfaction. Models such as the
Customer Satisfaction Index (CSI), Technology Acceptance Model (TAM), and Delone and McLean Information Systems Success
demonstrate those relations and have been used in the context of health information systems.
Objective: This study aimed to investigate which qualities foster greater satisfaction among patient and professional users. In
addition, we are interested in knowing to what extent improvement in those qualities can explain user satisfaction and whether
this makes user satisfaction a proxy indicator of those qualities.
Methods: The Unified eValuation using ONtology (UVON) method was used to construct an ontology of the required qualities
for 7 electronic health (eHealth) apps being developed in the Future Internet Social and Technological Alignment Research
(FI-STAR) project, a European Union (EU) project in electronic health (eHealth). The eHealth apps were deployed across 7 EU
countries. The ontology included and unified the required qualities of those systems together with the aspects suggested by the
Model for ASsessment of Telemedicine apps (MAST) evaluation framework. Moreover, 2 similar questionnaires for 87 patient
users and 31 health professional users were elicited from the ontology. In the questionnaires, the user was asked if the system
has improved the specified qualities and if the user was satisfied with the system. The results were analyzed using Kendall
correlation coefficients matrices, incorporating the quality and satisfaction aspects. For the next step, 2 partial least squares
structural equation modeling (PLS-SEM) path models were developed using the quality and satisfaction measure variables and
the latent construct variables that were suggested by the UVON method.
Results: Most of the quality aspects grouped by the UVON method are highly correlated. Strong correlations in each group
suggest that the grouped qualities can be measures that reflect a latent quality construct. The PLS-SEM path analysis for the
patients reveals that the effectiveness, safety, and efficiency of treatment provided by the system are the most influential qualities
in achieving and predicting user satisfaction. For the professional users, effectiveness and affordability are the most influential.
The parameters of the PLS-SEM that are calculated allow for the measurement of a user satisfaction index similar to CSI for
similar health information systems.
Conclusions: For both patients and professionals, the effectiveness of systems highly contributes to their satisfaction. Patients
care about improvements in safety and efficiency, whereas professionals care about improvements in the affordability of treatments
with health information systems. User satisfaction is reflected more in the users’ evaluation of system output and fulfillment of
expectations but slightly less in how far the system is from ideal. Investigating satisfaction scores can be a simple and fast way
to infer if the system has improved the abovementioned qualities in treatment and care.
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Appendices

9.A Summary of the FI-STAR trial cases

In Tromsø, Norway, two mobile apps — integrated at the backend
— were developed to record biometric parameters and provide remote
counselling and community services. In Krakow, Poland, a tele-care
cloud solution monitors both preoperative rehabilitation in thoracic-
surgical treatments and the physical and psychological state of patients
during chemotherapy. In Munich, Germany, a surgical operating the-
atre monitoring system tracks and reports the consumables used during
an operation. No patient questionnaire was delivered for this case. In
Bilbao, in the Basque country of Spain, a telemedicine cloud solution
provides treatment management for patients with bipolar disorder. In
Bucharest, Hungary, a telemedicine cloud solution provides at-home
cardiac rehabilitation services by monitoring and measuring biometrics.
In Bologna, Italy, a telemedicine cloud solution assists in the treatment of
chronic obstructive pulmonary disease (COPD) by collecting and report-
ing patients’ vital parameters, and providing those parameters through
tele-monitoring to medical personnel. One of the FI-STAR trial cases
was being held in Leeds in theUnited Kingdom (UK), to provide a cloud
solution for ensuring drug authenticity and preventing dispensing errors.
The requirement documents from this case contributed to the creation
of the questionnaires, but the data was not available in the evaluation
phase. Accordingly, we could not use it as an input for our study. There
was also a late-joining trial inMunich in which its requirements were not
included during the creation of the questionnaires, but the users eventu-
ally participated in answering them. The details of each trial case can be
found in the EU CORDIS database34 or FI-STAR project websites.78

http://ro.uow.edu.au/commpapers/3138/
http://ro.uow.edu.au/commpapers/3138/
http://ro.uow.edu.au/commpapers/3138/
http://www.webcitation.org/6o0CsjBri
http://www.webcitation.org/6o0CsjBri


182 Evaluating Success Factors of Health Information Systems

9.B Questionnaire for the patients

Please, refer to Appendix A.

9.C Questionnaire for the health professionals

Please, refer to Appendix B.

9.D Effect size and power analysis

Patient Professional

Antecedent to Satisfaction f 2 power f 2 power

Affordability 1.51 >0.99
Effectiveness 0.14 0.93 1.66 >0.99
Efficiency 0.07 0.67
Safety 0.10 0.84

Table 9.11: Effect size and
power of the quality to success
relationships.

9.E Crossloadings in the path models

Table 9.12: Cross-loadings in the patient path model.
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pa.adhereability 1.00 0.28 0.41 0.22 0.29 0.59 0.44 0.22
pa.affordability 0.28 1.00 0.40 0.16 0.07 0.24 0.27 -0.10
pa.effectiveness.1 0.12 0.28 0.53 -0.23 -0.11 0.18 0.22 -0.17
pa.effectiveness.2 0.31 0.37 0.89 0.33 0.24 0.48 0.57 0.16
pa.effectiveness.3 0.47 0.25 0.81 0.21 0.17 0.55 0.38 0.11
pa.efficiency.1 0.19 0.08 0.22 0.91 0.17 0.18 0.30 0.18
pa.efficiency.2 0.03 0.19 0.04 0.67 0.13 0.07 0.15 0.19

continued on the next page.
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Table 9.12 – continued from the previous page
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pa.efficiency.3 0.27 0.17 0.26 0.93 0.13 0.27 0.38 0.24
pa.empowerment 0.29 0.07 0.19 0.17 1.00 0.35 0.26 0.07
pa.general.sat.1 0.42 0.33 0.45 0.22 0.25 0.50 0.87 0.07
pa.general.sat.2 0.36 0.20 0.51 0.31 0.30 0.45 0.85 0.12
pa.general.sat.3 0.22 0.07 0.34 0.32 0.01 0.28 0.58 0.28
pa.safety.1 0.62 0.22 0.47 0.19 0.36 0.86 0.40 0.20
pa.safety.2 0.49 0.25 0.50 0.10 0.22 0.82 0.45 0.08
pa.safety.3 0.33 0.12 0.39 0.26 0.27 0.74 0.45 0.51
pa.trustability 0.22 -0.10 0.10 0.24 0.07 0.33 0.18 1.00

Table 9.13: Cross-loadings in the professional path model.
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pr.accessiblity 1.00 -0.01 0.21 0.56 0.44 0.26 0.34 0.39 0.44 0.51
pr.adhereability -0.01 1.00 0.66 -0.14 0.29 0.35 0.26 0.58 0.45 0.30
pr.affordability 0.21 0.66 1.00 0.29 0.34 0.62 0.42 0.64 0.73 0.69
pr.availability 0.56 -0.14 0.29 1.00 0.63 0.52 0.60 0.23 0.51 0.37
pr.effectiveness.1 -0.11 -0.01 -0.22 0.21 0.41 -0.06 0.29 -0.02 0.22 -0.47
pr.effectiveness.2 0.34 0.34 0.43 0.56 0.78 0.55 0.63 0.46 0.67 0.39
pr.effectiveness.3 0.46 0.28 0.33 0.53 0.87 0.54 0.54 0.43 0.67 0.51
pr.effectiveness.4 0.40 0.16 0.19 0.53 0.90 0.47 0.73 0.45 0.58 0.21
pr.efficiency.1 0.15 0.30 0.55 0.42 0.30 0.76 0.49 0.51 0.45 0.17
pr.efficiency.2 0.37 0.23 0.47 0.54 0.57 0.92 0.62 0.45 0.50 0.38
pr.efficiency.3 0.13 0.35 0.53 0.34 0.55 0.81 0.45 0.26 0.52 0.57
pr.empovterment.1 0.39 0.07 0.20 0.67 0.75 0.60 0.91 0.39 0.45 0.22
pr.empovterment.2 0.25 0.39 0.54 0.46 0.62 0.56 0.94 0.58 0.55 0.19

continued on the next page.
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Table 9.13 – continued from the previous page
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pr.general.sat.1 0.32 0.45 0.71 0.41 0.64 0.47 0.45 0.61 0.90 0.49
pr.general.sat.2 0.26 0.56 0.63 0.42 0.64 0.63 0.65 0.66 0.79 0.36
pr.general.sat.3 0.49 0.00 0.34 0.39 0.50 0.29 0.16 0.32 0.67 0.65
pr.safety.1 0.50 0.54 0.39 0.12 0.32 0.24 0.27 0.82 0.44 0.42
pr.safety.2 0.40 0.61 0.50 0.09 0.27 0.25 0.26 0.84 0.51 0.44
pr.safety.3 0.31 0.25 0.48 0.50 0.47 0.68 0.57 0.51 0.28
pr.safety.4 -0.01 0.29 0.51 0.23 0.32 0.44 0.47 0.65 0.45 0.16
pr.safety.5 0.40 0.48 0.39 -0.04 0.24 0.04 0.36 0.76 0.36 0.33
pr.safety.6 0.12 0.55 0.64 0.03 0.41 0.51 0.23 0.62 0.55 0.54
pr.trustability 0.51 0.30 0.69 0.37 0.36 0.46 0.22 0.52 0.61 1.00
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A Novel Instrument for Measuring Older People’s
Attitudes Toward Technology (TechPH):
Development and Validation

PeterAnderberg, ShahryarEivazzadeh, JohanS.Berglund

Abstract

Background The use of health technology by older people is
coming increasingly in focus with the demographic changes.
Health information technology is generally perceived as an
important factor in enabling increased quality of life and re-
ducing the cost of care for this group. Age-appropriate design
and facilitation of technology adoption are important to en-
sure functionality and removal of various barriers to usage.
Development of assessment tools and instruments for evalu-
ating older persons’ technology adoption and usage as well as
measuring the effects of the interventions are of high priority.
Both usability and acceptance of a specific technology or ser-
vice are important factors in evaluating the impact of a health
information technology intervention. Psychometric measures
are seldom included in evaluations of health technology. How-
ever, basic attitudes and sentiments toward technology (eg,
technophilia) could be argued to influence both the level of
satisfaction with the technology itself as well as the perception
of the health intervention outcome.
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Objective The purpose of this study is to develop a reduced and
refined instrument for measuring older people’s attitudes and
enthusiasm for technology based on relevant existing instru-
ments for measuring technophilia. A requirement of the new
instrument is that it should be short and simple to make it
usable for evaluation of health technology for older people.

Methods Initial items for theTechPHquestionnairewere drawn
from a content analysis of relevant existing technophilia mea-
sure instruments. An exploratory factor analysis was con-
ducted in a random selection of persons aged 65 years or older
(N=374) on eight initial items. The scale was reduced to six
items, and the internal consistency and reliability of the scale
were examined. Further validation was made by a confirma-
tory factor analysis (CFA).

Results The exploratory factor analysis resulted in two factors.
These factors were analyzed and labeled techEnthusiasm and
techAnxiety. They demonstrated relatively good internal con-
sistency (Cronbach alpha=.72 and .68, respectively). The
factors were confirmed in the CFA and showed good model
fit (𝜒 28=21.2, 𝜒 2/𝑑𝑓=2.65, comparative fit index=0.97, ad-
justed goodness-of-fit index=0.95, root mean square error of
approximation=0.067, standardized root mean square resid-
ual=0.036).

Conclusions The construed TechPH score showed expected re-
lations to external real-world criteria, and the two factors
showed interesting internal relations. Different technophilia
personality traits distinguish clusters with different behaviors
of adaptation as well as usage of new technology. Whether
there is an independent association with the TechPH score
against outcomes in health technology projects needs to be
shown in further studies. The instrument must also be vali-
dated in different contexts, such as other countries.
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10.1 Introduction

10.1.1 Background

Older people’s use of technology is increasingly coming in focus with
the demographic changes. Gerontechnology (technology for the aging
population) is a growing field in transdiciplinary research as well as in the
development of new products.1,2 Previous research into older people’s
technology use has identified that the design3,4 and technology adop-
tion5,6 perspectives are important to ensure appropriate functionality
and remove various barriers for use. Personal factors, such as self-efficacy
and proficiency,5,7,8 as well as subjective technology adaptivity9,10 have
also been identified as significant predictors of technology use in old age.

One area that has attracted interest is the use of technology by older
adults in various health settings, both in formal health care11,12 and from
salutogenic perspectives13,14 targeting social isolation and participation.
However, there is a strong need to find evidence of the effectiveness
and efficiency of health technology interventions, which is becoming
increasingly important as the number of available health technology
solutions grows.15

Several instruments for evaluating interactions with health technol-
ogy exist today. Common theoretical concepts addressed in those in-
struments are effectiveness, efficiency, hardware/software, perceived ease
of use, and satisfaction, although validated psychometric instruments
measuring personality traits are sparse.16

One of the most widely used instruments is the Technology Accep-
tance Model (TAM)17 and its subsequent developments18 for evaluating
attitudes predicting intentions to use and how users come to accept and
use a particular information technology. In this model, two specific
factors determine the user’s acceptance: perceived usefulness (PU) and
perceived ease of use (PEOU). Although TAMwas not developed specif-
ically for health information technology (HIT) it has found its way into



188 Evaluating Success Factors of Health Information Systems

19: Holden et al. 2010

20: Kim et al. 2012

21: Chen et al. 2014

22: Middlemass et al. 2017

23: Merkel et al. 2016

24: Peek et al. 2016

25: Holthe et al. 2018

26: DeLone et al. 1992

27: Yusof et al. 2006

28: Yu et al. 2009

29: Self et al. 2013

30: Tarafdar et al. 2010

31: Yen et al. 2010

32: Brooke 1996

33: Georgsson et al. 2016

34: Schnall et al. 2018

35: Edison et al. 2003

this area as a measurement of end users’ reactions to HIT.19 Expansions
to adapt TAM to a more specific HIT context have been made: Health
Information Technology Acceptance Model (HITAM).20 Application
and problematization of TAM towards older persons have also been
made: Senior Technology Acceptance Model (STAM)21 and HITAM
of older persons.22 The importance of contextual factors,23,24 as well
as the usability and acceptability for older adults with mild cognitive
impairment and dementia25 have recently been in focus.

Another widely used model is the Delone and McLean Information
Systems Success (D&M IS) model, which considers constructs of inten-
tion to use, user satisfaction, and net benefits as the outcomes of three
sets of indicators that are information quality, service quality, and system
quality.26 TheD&MISmodel and its extended variants, such asHuman,
Organization, andTechnology Fit (HOT-fit),27 have beenwidely used in
health technology.28 How traits affected by or closely related to techno-
phobia, such as technostress,29 can impact the satisfaction construct in
the D&M IS model has been discussed.30

Usability is another essential aspect of HIT evaluation. Both the de-
sign and evaluation of artifact, efficiency, effectiveness, and satisfaction
are important. The Health Information Technology Usability Evalu-
ation Scale (Health-ITUES)31 and the System Usability Scale (SUS)32

are instruments for usability evaluation that have been used in a HIT
context.33,34 In what is an extension of the TAMperspective, Kamin and
Lang10 explored themotivational resources for older persons’ technology
use by the concept of subjective personal adaptivity. They found that
positive beliefs about the benefits of technology, the time and effort in-
vested to learn how to use technology, and a sense of trustworthiness and
safety while using technology is connected to both perceived technology
competence and technology usage.

Usability, acceptance, motivation, and adoption of a specific technol-
ogy or service are important factors in evaluating the impact of a HIT
intervention. However, basic attitudes and sentiments toward technol-
ogy (eg, technophilia) could be argued to influence both the level of
satisfaction with the technology itself as well as the perception of the
health intervention outcome. This would constitute a personality trait,
an underlying factor that would create a preintervention entry level of
acceptance and interest, positive or negative. Edison and Geissler35 argue
that this “affinity” toward technology is a more general attitude that
precedes themore specific attitudes resulting from the rational (reasoned
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or planned) process that is measured in TAM. Plociennik et al36 found
that technophilia has a direct influence on PU, in TAM. Ronit37 sees
technophilia as the enthusiasm toward technology with its rewarded and
knowledgeable adoption correlated with both PU and PEOU. Kamin
and Lang9,10 showed a correlation between usability and utility and a
subjectively perceived interest and competence.

10.1.2 Technophilia

Technophilia has no universally established definition but gen-
erally refers to a strong enthusiasm and love for modern technology.
Seebauer et al38 define it as “an attitude toward ICT [internet and com-
munication technology], representing a subaspect of technology-related
values, just as ICT are a subcategory of modern technology.” Osiceanu39

defines technophilia as an “attraction, enthusiasm of the human indi-
vidual determined by the activities which involve the use of advanced
technologies. It is expressed by easy adaptation to the social changes
brought by technological innovations.” Martínez-Córcoles et al40 sug-
gest that merely enthusiasm and desire is not enough for technophilia,
but also an acquired need for (dependency) and joy of having and dis-
playing the latest products/versions (technoreputation). In a working
paper, Li and Fuller41 suggest a definition of technophilia as “positive
affective states that arise momentarily in response to an individual’s ICT
context that is appraised to exceed his or her expectations and goals.”

In their reviewof previous related research on technophilia and similar
concepts, Seebauer et al38 found three hierarchically nested perspectives
on technophilia. At the top level, they found values connected to general
technology-related values reflecting global beliefs in societal progress
through technology. At the intermediate level were attitudes referring
more specifically to information and communication technology (ICT)
as a part of modern technologies. The lowest level was constituted by a
keen interest in and use of a specific technology or service as a subcategory
of ICT. Openness toward technology and innovation influences per-
sonal dedication to certain technological artifacts and services, whereas
feelings of low enthusiasm may work in the opposite direction.38 Donat
et al42 refer to this lower (negative) end of technology enthusiasm as
technophobia, and their construct is made up from two opposite ends
where technophilia is at the positive end. Nimrod43 includes this posi-
tive end of the spectrum in her construct of a technophobia scale while



190 Evaluating Success Factors of Health Information Systems

44: Devaraj et al. 2008

45: Steinerman et al. 2013

investigating ICT use among older adults. Osiceanu39 further views
technophobia as the negative feelings about using technology, but also
includes perceptions on the adverse effects that technology may have
on society in the construct. This is a common way to conceptualize
technophobia construct with both factors concerning personal feelings
toward technology use together with overall perceptions of technology
in society.

In this study, we choose to avoid the complexity of bringing the two
concepts of technophilia and technophobia together and simply let
technophilia refer to a person’s enthusiasm for and positive feelings to-
ward their technology use and absence of the fears and doubts some
older people could have about their ability to manage using new tech-
nology. It constitutes a personality trait, an underlying psychological
construct38 that would create a pretechnology and preintervention entry
level of acceptance and interest. This could also be connected to other
psychological characteristics (ie, the personality traits of openness and
neuroticism).44

Steinerman et al45 report that technophilia is a consistent predictor of
openness to research participation for older adults and that research with
older adults that incorporates technology should consider technophilia
to be more successful in recruiting participants for the study.

Older people compared to younger persons are sometimes reported
to score lower on technophilia scales.38 Still, older people are not a ho-
mogeneous group, and there may be differences between “younger” old
and “older” old individuals. Therefore, it is of importance to create
an instrument with the ability to discriminate between high and low
technophilia individuals within various groups of older people.

10.1.3 Objectives

The purpose of this study is to develop a reduced and refined instru-
ment for measuring older people’s attitudes and enthusiasm for technol-
ogy based on relevant existing instruments for measuring technophilia
(named TechPH, short for technophilia).

Technophilia is a general quality for any individual’s relationship to
technology that could potentially influence a wide range of aspects of
technology use, such as adoption, continuity, and perceived outcome.

In this text, we contextualize this general quality with a focus on
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older people for use in health technology intervention research as a com-
plement to existing instruments. The new instrument requires that it
should be short and simple to make it usable for older people.

10.2 Methods

10.2.1 Data Collection and Sample

Data were obtained from a sample of participants in the Swedish
National Study on Aging and Care (SNAC). SNAC is a longitudinal
cohort study of a representative sample of the aging Swedish population
that begandata collection in 2001. It is a comprehensive, interdisciplinary
study that investigates the health and living conditions of the Swedish
population aged 60 years and older. A detailed outline of the SNAC
study is available by Lagergren et al.46 Our study sample was based on
participants from one of the four regions in the SNAC study, the SNAC
Blekinge (SNAC-B) cohort with individuals living in the municipality
of Karlskrona.

Data were collected through a questionnaire that was sent out in Oc-
tober 2017 to all participants in the SNAC-B study who were alive in
January 2017 (N=878). Of these, 18 had deceased before answering the
questionnaire. A total of 659 persons responded, corresponding to a
response rate of 77% (659/860). Among nonresponders, 28% (57/201)
were unable to respond due to their health conditions (eg, severe demen-
tia or other diseases) and were considered nonusers of ICT. In this study,
only individuals who responded that they were ICT users were included
(N=374). Demographic data for the study population (ie, age, gender,
and educational level) are presented in Table 10.1.

10.2.2 Measures and Scale Development

Development of the new short instrument, TechPH, was made in
three steps. First, a search was made in Web of Science and Google Scholar
for technophilia measurement instruments to use as a background for
building the new instrument. To be included, the articles had to contain
a psychometric instrument for use on the individual level. Eight relevant
instruments were found to match the criteria (Multimedia Appendix
1), of which seven reported a full instrument and were included in this
study. Instrument 840 did not include the full instrument in their article
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Category Participants

Sex, n(%)
Male 196 (52.4)

Female 178 (47.6)

Age (years), mean (SD) 72.6 (7.1)
65-75 232 (62.0)
75-96 142 (38.0)

Education level a, n (%)
Low 94 (26.0)

Medium 135 (38.0)
High 131 (36.0)

a N=360 for education level. Education was categorized in three
groups according to the previous Swedish education system,
relevant for the age groups in this study (low: those who did not
finish secondary school; medium: those who finished secondary
school but no further education; high: those with some form
of higher education).

Table 10.1: Demographic data
for the study population, in-
cluding age, gender, and edu-
cational level (N=374)

and could not be used in the content analysis. Overarching themes (emo-
tional, personal gain, openness/curiosity, competence, general attitudes)
were identified through content analysis and items corresponding to
these themes were constructed with a five-point Likert scale question-
naire, ranging from 1 (fully disagree) to 5 (fully agree). Following the
instruments in the analysis, both questions with a positive and a neg-
ative direction were constructed to make sure both the lower and the
higher end of the spectrum of technophilia were sufficiently covered.
The instruments used in the analysis also gave reason to assume that
more than one factor could be present. A total of six to eight questions
was considered ideal both for the length of the instrument and for the
case that more than one factor would emerge from the factor analysis.

The new instrument resulting from the content analysis was able to
build on the previous instruments by including all themes in the same
instrument. The analysis showed that none of the seven existing instru-
ments investigated covered all the themes resulting from the analysis,
making the new developed short instrument (TechPH) more compre-
hensive than its predecessors.

Expert knowledge in gerontology from both the medical side (geron-



a novel instrument for measuring older people’s attitudes toward technology (techph):
development and validation 193

47: Peterson et al. 2017

48: DiStefano et al. 2009

tologist) and the technical side (design expert) was used to phrase and
formulate the questions for the target group.

Secondly, the questionnaire was pretested and cognitive interviews47

were made with the target group (eight individuals of both sexes varying
in age between 60 and 82 years). The interview persons were given the
8-item questionnaire and were encouraged to think-aloud when they
read them. The interviewer would also follow-up with verbal probing
(ie, questions about how the interview persons understood the ques-
tion) based on item wording, terminology, and if the structure was clear
and easy to understand. Specifically, the questions “Can you repeat the
question I just asked in your own words? Was there anything confusing
about this question? What does the word <term> mean to you as it
is used in the question? Tell me what you were thinking when I asked
about <topic of question>.”

The item questions were then revised according to the feedback from
the interviews with respect to the verbal probing. Especially important
was to make sure that the questionnaire was using terminology relevant
to older people using technology to ensure face validity. The resulting
questionnaire items (Table 10.2) was also pretested on four persons from
the target group.

Finally, factor analyses were made. First exploratory factor analysis
(EFA) to see the factor structure and decide on a one or multiple factor
solution. Before the exploratory factor analysis, Bartlett test of spheric-
ity was used to ensure significant correlation and Kaiser-Meyer-Olkin
(KMO) test of sampling adequacy for sufficient variance among the
items. Maximum likelihood factoring and Promax with Kaiser normal-
ization were used, and only factors with eigenvalues greater than 1 were
included.

The reliability of the questionnaire was calculated with the Cronbach
alpha coefficient to ensure sufficient internal consistency.

Confirmatory factor analysis (CFA) was then used to verify the factor
structure. Measures of fit are reported, such as chi-square statistic and its
significance, the adjusted goodness-of-fit index (AGFI), the comparative
fit index (CFI), the root mean square error of approximation (RMSEA),
and the standardised root mean square residual (SRMR).

Finally, an index based on sum scores was calculated,48 and sociode-
mographic attributes and self-assessed technical competence were as-
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sessed for group comparisons and as indicators of criterion validity.

Table 10.2: Descriptive statistics of suggested instrument items (N=374).

Questionnaire item Mean
(SD)

Median

1. I think it’s fun with new technological gadgets 3.40
(1.19)

3.00

2. Using technology makes life easier for me 3.78
(1.27)

4.00

3. I like to acquire the latest models or updates 2.53
(1.34)

2.00

4. I am sometimes afraid of not being able to use the new technical things 2.90
(1.35)

3.00

5. Today, the technological progress is so fast that it’s hard to keep up 3.73
(1.22)

4.00

6. I would have dared to try new technical gadgets to a greater extent if I
had had more support and help than I have today

3.10
(1.41)

3.00

7. People who do not have access to the Internet have a real disadvantage
because of all that they are missing out on.

4.13
(1.16)

5.00

8. Too much technology makes society vulnerable 4.10
(1.07)

4.00

10.3 Results

10.3.1 Exploratory Factor Analysis

TheKMOtest of sampling adequacywas in the adequate range of 0.7649

 and Bartlett’s test of sphericity (𝜒 228=554.1) was significant (P<.001),
indicating that the items were appropriate for a factor analysis.50

A two-factor solution for technophilia emerged with an eigenvalue
greater than 1 and examination of the scree plot. A one-factor solution
was also tested for but showed low internal consistency andwas discarded.
The two factors were distinctly different with respective clear loadings.
The factor with questions regarding positive feelings toward technology
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(ie, items 1-3) contained items with various aspects of enthusiasm toward
technology was accordingly named techEnthusiasm. The factor with
more negative feelings (items 4-6), contained items with different aspects
of anxiety toward technology with respect to use and competency and
was named techAnxiety.

The questions regarding general attitudes (items 7 and 8) gave low
loadings and cross-loaded on both factors above the recommended max-
imum threshold of 0.32;51 therefore, they were removed.

The final six-item solution (Table 10.3) gave satisfactory loadings of
above 0.550 and a total variance explained of 63.5% for the two factors
together.

Convergent validity with average variance extracted above 0.550 and
discriminant validity shownwith only small cross-loadings, togetherwith
a factor correlation of −.48. The reliability of the questionnaire, in terms
of internal consistency, was calculated by Cronbach alpha (Table 10.3)
with satisfactory results for the small item number (techEnthusiasm
Cronbach alpha=.72 and techAnxiety Cronbach alpha=.68).

Item techEnthusiasm techAnxiety

1. I think it’s fun with new tech-
nological gadgets

0.86 0.01

2. Using technology makes life
easier for me

0.62 0.04

3. I like to acquire the latestmod-
els or updates

0.60 -0.02

4. I am sometimes afraid of not
being able to use the new techni-
cal things

-0.07 0.68

5. Today, the technological
progress is so fast that it’s hard
to keep up

0.00 0.75

Item6. I would have dared to try
new technical gadgets to a greater
extent if I had had more support
and help than I have today

0.09 0.53

Cronbach alpha .72 .68

Table 10.3: Exploratory fac-
tor analysis loadings and Cron-
bach alphas.
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10.3.2 Confirmatory Factor Analysis

The final confirmatory factor analysis (CFA) conducted showed rela-
tively good52 fit indexes for the two-factor model (𝜒 28=21.2, 𝜒 2/df = 2.65,
CFI = 0.97, AGFI = 0.95, RMSEA= 0.067, SRMR=0.036). Themodel
showed satisfactory (>0.5) standardized factor loadings given the sam-
ple size50 confirming construct validity. Table 4 shows the standardized
parameter estimates.

Item Loadings

techEnthusiasm techAnxiety

1. I think it’s fun with new techno-
logical gadgets

0.88

2. Using technologymakes life easier
for me

0.63

3. I like to acquire the latest models
or updates

0.61

4. I am sometimes afraid of not be-
ing able to use the new technical
things

0.74

5. Today, the technological progress
is so fast that it’s hard to keep up

0.72

6. I would have dared to try new
technical gadgets to a greater extent
if I had had more support and help
than I have today

0.53

Table 10.4: Confirmatory fac-
tor analysis standardized fac-
tor loadings for TechPH. Blank
cells are not applicable.

10.3.3 TechPH Index

A composite score50 (see Table 10.5) was created from the six items in
the two factors, techEnthusiasm and techAnxiety (the latter reversely
coded due to the negative correlation). Each item was weighted with its
loading before sum scores were created and averaged48 and standardized
back to a 1 to 5 scale so that the TechPH index could be interpreted on a
five-point response scale, ranging from 1 (fully disagree) to 5 (fully agree),
where the higher the index indicates a higher level of technophilia.
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Distribution of all individuals’ scores in the two factors, techEnthusi-
asm and techAnxiety, is presented in a scatterplot  (see Figure 10.2). A
low negative correlation between the two factors was observed (𝑅2=.12).

10.3.4 Group Comparison

The TechPH index (Table 10.5) was used for group comparison for
gender, age group, level of education, self-assessed technical skills, and in-
ternet use frequency. This comparison yielded significant (P<.05) results.
Cronbach alpha was .71, which signifies moderately good reliability of
the index and internal consistency.

The TechPH index scores reflect the same finding or assumptions in
technology acceptance by demographic variables; the index decreases in
the older old (≥75 years) group and is slightly higher for men, which
confirms other findings with regard to age groups and gender.53

10.4 Discussion

This project set out to create a short instrument to enable measuring
of technophilia for use among older persons participating in health tech-
nology research projects. The requirements were that it should be based
on existing validated instruments and that it should be short and simple
to make it usable for older people.

The resulting instrument consists of six items in two factors measur-
ing techEnthusiasm and techAnxiety as factors of technophilia. Factor
analysis of the instrument showed the feasibility of a two-factor model.
Better fit for a two-factor model, compared to a one-factor model, shows
that techEnthusiasm and techAnxiety are not just inverse ends of the
same continuum, but two independent factors that could influence vari-
ous aspects of the use of technology. There is a slight reverse correlation
between them (Figure 10.2).

The results in Table 10.5 complies with general findings, and assump-
tions about gender, age, technical skills, and internet use frequency cor-
relates with technology adoption. The correlation between technical
skills and TechPH confirms other findings regarding reduced fear of
technology by gaining technical skills.54,55 Seifert and Schelling56 showed
that affinity for technology has a positive impact on internet use. This
is also consistent with the findings of Nimrod43 with similar relations
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Figure 10.2: Scatterplot of
techEnthusiasm (y-axis) and
techAnxiety (x-axis). Individu-
als showing high technophilia
(TechPH) are found in the sec-
ond quadrant; low TechPH are
found in the fourth quadrant.
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Table 10.5: TechPH index: descriptives and group test statistics.

Group N TechPH index, mean (SD) t test (df ) F test (df1, df2) P value

All 374 3.01 (0.86) —a — —

Gender 1.71 (372) — .046
Men 196 3.08 (0.88)

Women 178 2.93 (0.82)

Age (years) 2.89 (372) — .004
< 75 232 3.11 (0.81)
≥75 142 2.85 (0.90)

Education — 0.65 (2,357) .52
Low 94 2.96 (0.92)

Medium 135 2.96 (0.81)
High 131 3.07 (0.87)

Self-assessed technical skillb — 86.40 (2,337) <.001 c

Low 105 2.38 (0.64)
Medium 200 3.18 (0.70)

High 35 4.02 (0.82)

Internet use frequencyd — 29.26 (2,338) <.001 c

Low 77 2.59 (0.82)
Medium 104 2.87 (0.67)

High 160 3.38 (0.84)
a Not applicable.
b “How skilled do you consider yourself when it comes to using a smartphone or a tablet?” Low=not at all skilled,

medium=average skilled, high=very skilled.
c All post hoc (Tukey) group mean differences were significant at the .05 level.
d The participants were categorized as high=daily, medium=at least once a week but not daily, low=less than once a

week.
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58: Nimrod 2018

59: Berner et al. 2015

to education, gender, and age, as well as use of technology (in this case,
the internet) as in our study. Nimrod investigated technophobia with
Sinkovics et al57 with a 13-item and 3-factor instrument (personal failure,
human versus machine ambiguity, perceived convenience). This is a
similar setup to TechPH, with different factors pointing both to a lower
and higher end of the technophilia/technophobia spectrum. Nimrod
measured technophobia specifically toward ICT, such as “computers,
internet, and mobile phones,” thus making some of the questions bor-
der a measure of a utility perspective rather than a personality trait with
feelings toward technology in general.

Concerning techEnthusiasm, item 1 (“I think it’s fun with new
technological gadgets”) loaded strongly on the techEnthusiasm factor,
which was expected based on the theoretically assumed relationship
with the latent variable, confirming that an item (observed variable)
that closely reflects the latent variable should be highly correlated with
that for a valid model. Item 2 (“Using technology makes life easier for
me”) and item 3 (“I like to acquire the latest models or updates”) loaded
somewhat weaker but are still seen as conceptually valid for the construct
as a whole.

On the techAnxiety side, item 4 (“I am sometimes afraid of not being
able to use the new technical things”) closely reflects techAnxiety both in
articulation and relatively high correlation. It should be noted that this
item considers an internal cause, that is an inability to use technology.
Item 5 (“Today, the technological progress is so fast that it’s hard to keep
up”) reflects the anxiety over a perceived inability to internalize and relate
to the fast, technological progress and connects to a “technostress”.58

Item 6 (“I would have dared to try new technical gadgets to a greater
extent if I had had more support and help than I have today”) refer to
the anxiety older people can feel about their lacking ability to handle
technology on their own and fear of social isolation and lack of support
of the aging population.59

The two questions regarding general attitudes, items 7 and 8 (ie, “Peo-
ple who do not have access to the internet have a real disadvantage be-
cause of all that they are missing out on” and “Too much technology
makes society vulnerable”), did not load sufficiently on any of the factors
and did not make up a factor of their own. Both these items showed
high means and medians and had poor discriminant value, signifying
that these attitudes are shared between persons both with high and low
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techPH. This result is similar to that of Seifert and Schelling,56 in which
both onliners and offliners with a high affinity for technology attributed
a high value to the internet (in this case, for staying independent longer
in old age).

It might be assumed that a high techEnthusiasm score is associated with
a low techAnxiety score and vice versa, but it is still possible that both
scores could be high or low together. This could have implications for
a medium score and needs to be investigated further when TechPH is
tested in health technology projects.

An interpretation of a set of high scores in both techEnthusiasm
and techAnxiety factors could be that the individual has a basic positive
attitude or enthusiasm to technology, but also feels limitations. A lack of
interest in technology could be the reason why a person might show low
degrees of technology enthusiasm and anxiety simultaneously. However,
this lack of interest in technology does not necessarily indicate ignoring
technology benefits in general, but it might be the personal attitude
about their necessity for the current situation of the respondent.24

From this perspective, TechPH could be hypothesized to have an
effect on the outcome that is separate from the planned intention to use
or the perceived usefulness of the application itself. Another assumption
is that this could have an impact on how a person perceives problems
with use and nonuse friendliness and make a person more error tolerant.
This could possibly skew the usability measurements and constitute a
confounder to the measured health effect outcome. In smaller studies,
especially in randomized controlled studies, this would be a variable of
interest to study. This is similar to the effect that Kamin and Lang10

suggest while exploring the motivational resources for older persons’
technology use by the concept of subjective personal adaptivity. They
argue that usability testing might be misleading if motivational factors
moderating task performance in person technology transactions are not
considered.

Whether this is a personal trait influencing attitudes toward technol-
ogy that is related to age or physical or cognitive problems will be tested
in further studies. We can also assume that the impact on the factors in
TechPH is affected differently depending on the type of health technol-
ogy being evaluated. It could be assumed that the techAnxiety factor has
a greater impact on technology that influences items such as personal
privacy.
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60: Bollen 2014

A strength of the instrument introduced in this study is that it is based
on previously validated, relevant instruments. It is shortened as much
as possible, to three variables per factor,60 and articulated by expert
analysis to be suitable for older people. The factor analysis is based on a
satisfactory sample size of the general population of older adults from a
midsized community in Sweden. Overall, the instrument performed as
expected and will now be tested for its prediction ability of the outcome
for a health technology project with older people.  

In conclusion, we suggest that different technophilia traits distinguish
clusters with different behaviors of adaptation as well as usage of new
technology and hypothesize that this can be measured with the TechPH
score. Whether there is an independent association with the TechPH
score or either of the two factors contributing to the score, techEnthu-
siasm and techAnxiety, against outcomes in health technology projects
needs to be shown in further studies. The instrument must also be
validated in different contexts, such as other countries.
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Abstract
Background: The use of health technology by older people is coming increasingly in focus with the demographic changes.
Health information technology is generally perceived as an important factor in enabling increased quality of life and reducing
the cost of care for this group. Age-appropriate design and facilitation of technology adoption are important to ensure functionality
and removal of various barriers to usage. Development of assessment tools and instruments for evaluating older persons’ technology
adoption and usage as well as measuring the effects of the interventions are of high priority. Both usability and acceptance of a
specific technology or service are important factors in evaluating the impact of a health information technology intervention.
Psychometric measures are seldom included in evaluations of health technology. However, basic attitudes and sentiments toward
technology (eg, technophilia) could be argued to influence both the level of satisfaction with the technology itself as well as the
perception of the health intervention outcome.
Objective: The purpose of this study is to develop a reduced and refined instrument for measuring older people's attitudes and
enthusiasm for technology based on relevant existing instruments for measuring technophilia. A requirement of the new instrument
is that it should be short and simple to make it usable for evaluation of health technology for older people.
Methods: Initial items for the TechPH questionnaire were drawn from a content analysis of relevant existing technophilia
measure instruments. An exploratory factor analysis was conducted in a random selection of persons aged 65 years or older
(N=374) on eight initial items. The scale was reduced to six items, and the internal consistency and reliability of the scale were
examined. Further validation was made by a confirmatory factor analysis (CFA).
Results: The exploratory factor analysis resulted in two factors. These factors were analyzed and labeled techEnthusiasm and
techAnxiety. They demonstrated relatively good internal consistency (Cronbach alpha=.72 and .68, respectively). The factors
were confirmed in the CFA and showed good model fit (χ2

8=21.2, χ2/df=2.65, comparative fit index=0.97, adjusted goodness-of-fit
index=0.95, root mean square error of approximation=0.067, standardized root mean square residual=0.036).
Conclusions: The construed TechPH score showed expected relations to external real-world criteria, and the two factors showed
interesting internal relations. Different technophilia personality traits distinguish clusters with different behaviors of adaptation
as well as usage of new technology. Whether there is an independent association with the TechPH score against outcomes in
health technology projects needs to be shown in further studies. The instrument must also be validated in different contexts, such
as other countries.
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Ethical Challenges of Evaluating Health
Information Systems
ShahryarEivazzadeh,LisaSkär, JohanS.Berglund, Peter
Anderberg

Abstract

Background Evaluating and researching health information sys-
tems are interventions of their kind and might lead to ethical
complexities and challenges. Most of those challenges are
inherited from the more general fields of research and evalua-
tion, health studies, and information systems studies. Beyond
those challenges, this field has its particular traits, regarding
the involved stakeholders, required values or qualities, or the
process which can raise field-specific or context-specific ethical
challenges.

Objectives This paper reports and discusses some of the chal-
lenges of evaluating and researching health information sys-
tems by taking a systematic approach in finding, postulating,
and analyzing them.

Method Through a scoping review, a set of ethical challenges,
regarding the evaluation and research of health information
systems, were extracted. From the same set of articles, the act-
ing entities, including stakeholders and artefacts, were iden-
tified. From a sample of seven cases of health information
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:ethical challenges exist, and
we should deal with them

1: FI-STAR Consortium 2014

2: Eivazzadeh et al. 2016

systems, a set of demanded impact qualities were extracted.
From the literature, the evaluation stages were elicited. The
acting entities, required qualities, and the evaluation stages
were combined to create a three-dimensional space. The space
contained the ethical challenges extracted from the scoping
review and helped to postulate more items.

Results The final list of identified items contains 20 possible
ethical challenges that can be caused or raised by evaluating or
researching health information systems and technologies. The
ethical challenges are discussed, based on their probable stage
of occurrence. The three-dimensional space and the method
of populating it is proposed as an effective method in similar
cases of discovering ethical challenges.

Conclusion Evaluating or researching health information sys-
tems can raise ethical challenges, that we have identified 20 of
them in this article. All the challenges were discussed, such
as the actual value of evaluation, breach of privacy, risks for
safety, problems with usability and accessibility, conflict of
interests, problems with the informed consent, and miscom-
munication. The novel approach for elicitation of the ethical
challenges introduced in this article might be applied in other
similar studies.

11.1 Introduction

There is a tenderness associated with the term evaluation, as it sounds
like a silent, intangible observation with zero footprints on the subject.
That is rarely true, not in a discipline based on almost-rigid rules such
as physics, nor in a human-centered one such as health information
technologies. Evaluation inevitably engageswith its subject, in a grayscale
of different levels and a plethora of simple to complex ways, and this
engagement gives rise to various ethical challenges.

The authors of this manuscript, previously, were involved in the eval-
uation of Future Internet Social and Technological Alignment Research
(FI-STAR), an European Union (EU) wide project developing seven
e-health software apps.1,2 That experience led to questions and discus-
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sions on ethical challenges of evaluating health information systems, not
restricted to the evaluation of FI-STAR. The major and generic ques-
tion is how the evaluation process might drive changes in perceiving,
designing, implementing, delivering, operating, and maintaining health
information systems in a way that might improperly affect stakehold-
ers of those systems, leading to ethical challenges for the evaluator. A
sequel question would be how we can discover those ethical challenges
in a specific context, similar to the evaluation of the FI-STAR project
outputs.

Ethics of evaluating health information systems is merely a small
descendant of its ancestral broader contexts. Among those ancestral
contexts, one can name the ethics of evaluation in general, the ethics of
evaluation in health, and the ethics of evaluation in information systems.
However, the lineage does not stop there. The dominant ethical norms
in those contexts drive from and relate to the most common generic
ethical norms. Or from the other hand, it was the generic ethical norms
of the new era which have left footprints in the small locality of the ethics
of evaluating health information systems.

Traces of the aforementioned generic ethical norms can be found
in various pieces of literature. Some of those generic norms are par-
tially articulated in the United Nations (UN) declarations and treaties
such as Universal Declaration ofHumanRights (UDHR), International
Covenant on Economic, Social and Cultural Rights (ICESCR), and In-
ternational Covenant on Civil and Political Rights (ICCPR); or being
embedded in the corpus of related literature, or even being acknowl-
edged as tacit common norms between us. To give examples for the
above claim, the right to health, which is defined in the article 12 of the
ICESCR as the “right to control one’s own health and body”,3 has rein-
carnated as the patient consent in many of the health-related studies. Or,
the right to privacy, the way it is captured in the article 17 of the ICCPR
and articulates as “no one shall be subjected to arbitrary or unlawful in-
terference with his privacy”,4 parallels the patient confidentiality concept
in the health studies. More specific to the research in health, codes and
declarations such as the Nuremberg Code,5,6 the Belmont report,7 and
the Helsinki declaration8 can be mentioned. These codes and declara-
tions, explicitly or implicitly, demand specific rules and constraints to
be applied in treating human subjects, as a part of the research conduct.
Requirements on safety, privacy, informed consent, and risk assessment
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are repeating themes of these works. Many of these requirements are not
only applicable in conducting health research, which directly involves
human subjects but also they can be extended to researching systems and
technologies that are related to the health of people.

Beyond inheriting ethical norms from parental contexts, analogies
can also be found in between evaluation ethics, research ethics, profes-
sionalism, and work ethics. Some researchers find little or no distinction
between ethics of evaluation and research.9,10 And, some concepts like ob-
jectivity, openness, and honesty are common between ethics of evaluation,
research,11 and work ethics such as in the public administration.12

Still, the small spot of the ethics of evaluation of health information
systems has its specific traits in the diversity map of the ethics-related
studies; therefore, it deserves a closer look and inspection. In this paper,
we address some of those traits that showup as challenges during a typical
flow of evaluation of health information systems.

For a better understanding of the system types that the ethics of evalua-
tion can be applied to them, we need to come to a consensus about the
extents of health information systems. The literature of health technology
usually defines it very broadly. For example, It has been considered health
technology as “pharmaceuticals, devices, procedures, and organizational
systems used in health care”.13 Similarly, health information systems
are defined very inclusively, such as “any system that captures, stores,
manages or transmits information related to the health of individuals
or the activities of organizations that work within the health sector”.14

Also, the vernacular of health information system literature is populated
with general terms such as e-health, digital health, health informatics and
more specific terms such as electronic health record (EHR), telemedicine,
m-health, where all are synonyms or subtypes of health information
systems.

Because of this inclusiveness in the definitions, many technologies
and information systems can be considered as types of health informa-
tion systems, hence requiring health care grade ethical concerns when
doing research and evaluation. For example, a simple calendar app, being
used in a health care setting, might play the role of a drug-taking time-
reminder. Therefore, higher degrees of ethical considerations should be
taken when evaluating any app when it plays a role in a health setting. In
this manuscript, we consider any system that is labeled by one of those
terms in the vernacular of health information systems. Besides, cases of
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using information systems for health-related purposes, like the calendar
app example mentioned earlier, are also included in the scope of this
manuscript.

An ethical challenge can be described with various wordings, mostly
referring to a kind of dilemma, problem, or a matter of discussion and
disagreement,15 when a decision is being made which its impacts have
moral and ethical dimensions. In this study, these ethical challenges are
perceived by the evaluator or researcher who tries to follow the right
conduct in the corresponding evaluation or research. However, it can
be imagined that these ethical concerns propagate beyond the scope
of evaluator or researcher activity, and might be understood by other
stakeholders, such as policymakers and the society in general.

Three groups of works are out of the scope of this study, and they will
not be discussed in this manuscript. We tried to visualize this scoping
in an ontology diagram in Figure 11.1, where four categories of ethical
challenges in relation to health information systems are depicted, while
only ethical challenges in the category III are considered for our study.
In the first group, respectively I and II in the figure, there are the studies
dealing with the ethical issues of using health information systems or of
the impact that this usage might create. In the second group, denoted
by IV, the studies concern those types of health researches that involve
using data collected, communicated, or processed by health information
systems. This data can be of type EHR, genomics, biometrics, system
usage log files, or any other relevant type, which there might be ethical
challenges in recording, storing, using, exposing, aggregating, inferring,
and reporting that data. The third groupof out the scope studies concern
about methods or approaches of implementing ethical assessment for
health information systems, with a focus on ethical challenges of types
I, II, and IV. Our study positions itself differently and tries to address
ethical challenges caused or raised by evaluating or researching health
information systems as the subjects of evaluation or research, as denoted
by III in Figure 11.1.

It is important to note that an ethical issue might be articulated in a way
that does not explicitly includes keywords related to ethics. There is a
challenge of finding relevant studies and not missing those which their
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:what we want to do

:projection of the steps ahead

:two parallel approaches:
scoping review and systematic
postulation

16: Arksey et al. 2005

wordings hides them from simple search strategies.
We acknowledge that evaluation and research have similar cores. It is

hard, if not impossible, tomake a clear boundary between evaluation and
research activities. The studies that address research ethics in studying
health information systems bear the same intent as those concerning
evaluation ethics and should be approached similarly.

In this manuscript, we are interested in finding the ethical challenges
of evaluating or researching health information systems in a systematic
approach. Therefore, we devised steps to find those challenges, both
through literature review and a systematic postulation. Wewent through
the steps to find a set of ethical challenges and discuss them.

In the following Section 11.2 section, our method of eliciting the
ethical challenges in a specific context, in a systematic approach, is de-
tailed. In the Section 11.3 the result of application of the method, is
both presented and depicted. In Section 11.4, those challenges elicited
by the method were discussed. The discussion is grouped similar to the
proposed evaluation steps in the Section 11.2.

11.2 Method and Materials

This study takes two approaches to find ethical challenges in the context
of evaluating or researching health information systems. In the first
approach, a scoping review was performed, framed by the Arksey and
O’Malley framework,16 trying to find the answer to this question: what
ethical challenges have been already identified in the context of evaluating
or researching health information systems?. In the second approach, it was
assumed there are required qualities associated with the impact of using
health information systems that impeding or undermining them due to
evaluation or research reasons or side-effects, creates ethical challenges.
With this assumption, an approach was designed to elicit those qualities
and based on that to postulate ethical challenge cases. The result of
both approaches was then situated and combined in a space with the
dimensions of evaluation stages, active entities, and quality aspects.

The work-flow of the method is depicted in Figure 11.2, which also in-
dicates the number of results in each step. Both approaches are depicted
in Figure 11.2, where they are distinguishable by red back-hatched circles
and lanes for the scoping review and the blue forward-hatched circles
and lanes for the systematic postulation approach. The final result is
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:main search constraints:
health information systems,
evaluation, and ethics

:main inclusion criterion: only
about ethical challenges due
to evaluating or researching
health information systems

complied in Table 11.4.

11.2.1 Scoping Review

In the scoping review, with focus on the question: what ethical challenges
are already identified in the context of evaluating or researching health
information systems?, a search strategy was developed and the output
search strings were applied in the PubMed, Web of Science, and Scopus
databases. The search strategy targets those published works that are
constrained by three elements: health information systems, evaluation,
and ethics. Only the articles with available abstract content were con-
sidered. Each of these databases has different features in searching; for
example, we could use Medical Subject Headings (MeSH) keywords for
the PubMed but not for the others. Therefore, the search strings are not
the same in their scoping.

The search strings (Sections 11.A, 11.B and 11.C) reflect the constraint
of mandatory inclusion of the above-mentioned three elements. For the
health information system element, various possible alternatives, such as
health information technology, ehealth,mhealth, telehealth, digital health,
medical informatics, health informatics were considered. Studies that
include any of information technology or information and communication
technology terms combined with health in their title or abstract were also
included. If possible, a combination of MeSH terms and subheadings
was used to capture the studies that do not explicitly mention all the
required keywords in their abstracts. Although there is a small redun-
dancy for some search terms, redundant parts were kept for the sake of a
more clear explanation of how the search strings were constructed. For
the evaluation element, both the assessment and research terms were also
included in the search strings, required to be either in the title or MeSH
terms. It is important to note that although our study focuses on the
ethical challenges during the evaluation of health information systems,
there is no clear line between researching health information systems
and evaluating them, so both were included. For the ethics element, it
was required that the word ethic is mentioned in the study’s title or its
MeSH terms.

Regarding the main inclusion or exclusion criterion, as elaborated
in the introduction and Figure 11.1, we are only interested in finding
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:scoping review results

:the three-dimensional space of
eliciting ethical challenges

17: Nykänen et al. 2011

18: Gremy et al. 1999

the ethical challenges that happen due to the evaluation of or research
on health information systems. Therefore, the searching results were
scanned to exclude those studies that are about ethical issues of using
health information technologies, ethical assessment of health informa-
tion technologies, or the ethics of research in health using information
technologies. Though, the studies that refer to the concept of research
in a general perspective, i.e., could refer both to the research on health or
health information systems, were examined closely to determine which
type of research they refer to.

The final results of the scoping review were analyzed both to elicit the
ethical challenges that they mentioned and the major entities (stakehold-
ers and artefacts) that were involved. The ethical challenges elicited in
this step were later combined with postulation process results (discussed
in Section 11.2.3). The extracted major entities were analyzed and cate-
gorized into groups and contexts. These entities were also fed into the
postulation process, required for the creation of the three-dimensional
space discussed in Section 11.2.2.

11.2.2 Postulating Ethical Challenges

Postulating ethical challenges was performed by assuming that
there are required qualities associated with the impact of using health
information systems that impeding or undermining them, due to evalu-
ation or research reasons or side-effects, creates ethical challenges. With
this assumption, we elicited the ethical challenges by considering three
dimensions: the stages of evaluation, the major involving entities (stake-
holders and artefacts), and the quality aspects (as the base assumption
of the postulation). A visualization of these dimensions is presented in
Figure 11.4, a space within which we looked for the ethical challenges by
looking at the dimensions and considering combinations of elements
from each of them together.

The elements of each dimension (Figure 11.4) is determined by the
following approaches (Figure 11.2). In the first dimension, the stages of a
typical evaluation were considered by looking at various evaluation stud-
ies of the health information system and summarizing them as a series of
steps.17,18 In the second dimension, the involving entities, stakeholders
or artefacts, were determined by investigating the result of the scoping
review and also a sample set of health information system cases (to be



ethical challenges of evaluating health information systems 225

:The sample cases in the
FI-STAR project

19: FI-STAR Consortium
2015

20: Eivazzadeh et al. 2018

20: Eivazzadeh et al. 2018

discussed later). These entities were grouped as settings and contexts for
a better understanding of their role. In the third dimension, the quality
aspects were elicited from the same sample set of health information
system cases as in the second dimension.

The sample set of health information systems that was aforementioned
is the FI-STAR project and its seven sub-projects. The FI-STAR project
was an EUproject in e-health, throughwhich seven e-health appswere de-
veloped and deployed, each in amember country of the EU.1 Beyond the
general documents of the FI-STAR project,19 authors of this article have
contributed to the evaluation of the project outcomes, through which
they have elicited the main quality aspects demanded by the patient or
health professional users.20 The Unified eValuation using ONtology
(UVON) method2 was used for this elicitation of the quality aspects.

Result of applying the UVON method in the FI-STAR project is a
list of demanded impact qualities Table 11.2, which we reused them to
populate the corresponding dimension (Figure 11.4). Furthermore, the
FI-STAR cases were analysed to extract major involving entities, whether
artefacts or stakeholders, that can enrich the list of those entities extracted
from the scoping review.

11.2.3 Combining the Results

The final result items, whether sourced in the scoping review or the
postulation process, are complied in Table 11.4. Nevertheless, postu-
lation results could overlap with the results from the scoping review;
therefore, they might receive the same set of references. Also, regarding
that both sets of results reside in the same space (Figure 11.4), it was tried
to mention the connection of each item with all three dimensions, if
possible.

11.3 Results

The four stages of a typical evaluation process were considered as defin-
ing the perspective and problematization, running experiments, doing
observation, and reporting.

Ninemajor entities (stakeholders and artefacts) were elicited, which are
visualized in Figure 11.3. The result is grouped into settings and contexts
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Quality Aspects

1. Accessibility: if the app is accessible to different users.

2. Adherence: if the patients adhere more to treatment because
of the app.

3. Affordability: if the treatment becamemore affordable for the
patient or health care system because of the app.

4. Authenticity: if the information provided by the app is au-
thentic and correct (combined with safety).

5. Availability: if the service provided by the app is available by
demand.

6. Efficiency: if the treatment is more efficient because the app
was used.

7. Effectiveness: if the treatment process is more effective because
the app was used (except for clinical effectiveness).

8. Empowerment: if the app empowers the patient or health
professional to know more about their conditions or perform
their tasks better.

9. Safety: if the app itself is safe, or makes the treatment process
safer.

10. Trustability: if the app improves the trust of the patients in
treatment.

Table 11.2: The quality as-
pects resulting from apply-
ing the UVON method to FI-
STAR requirement documents.
Repeated from the previous
study.20
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for a better understanding of relations and roles. Stakeholders can be a
specific group, such as patients, or a general one such as society. Artefacts
can refer to systems, technologies, and embodiments of information
(such as documents).
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Figure 11.3: Major entities,
stakeholders and artefacts, dur-
ing evaluation of health infor-
mation system grouped as set-
tings and contexts. V

Searching through databases on 26th August 2019 resulted in the
following results: PubMed (N=8/105), Web of Science (N=3/22), Sco-
pus (N=5/33). Totally there were 13 distinct studies, out of which 8
were selected, regarding the inclusion and exclusion criterion. The final
list of the papers is mentioned in Table 11.3.
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Table 11.3: List of articles selected by their title or abstract for the scoping review of the ethical challenges
of evaluating health information systems. Further investigation was performed by reading their content,
reflected in the Inclusion column.

Study: (Author Year), Title Databasea Inclusionc

PubMed WoSb Scopus

(Capon et al. 2016), “Realising the Technological
Promise of Smartphones in Addiction Research and
Treatment”21

+𝛲 ●

(Harlow et al. 2019), “Using Participatory Design to
Inform the Connected and Open Research Ethics
(CORE) Commons”22

+𝛲 ○

(Lipworth et al. 2017), “Ethics and Epistemology in
Big Data Research”23

+𝛲 ◑

(Maar et al. 2010), “Reaching Agreement for an
Aboriginal E-Health Research Agenda”24

+𝛲 ○

(Magnusson et al. 2003), “Ethical Issues Arising from
a Research, Technology and Development Project to
Support Frail Older People and Their Family Carers
at Home”25

+𝛲 ●

(Nebeker et al. 2017), “Ethical and Regulatory
Challenges of Research Using Pervasive Sensing and
Other Emerging Technologies”26

+𝛲 ○d

(Nebeker et al. 2019), “Building the Case for Action-
able Ethics in Digital Health Research Supported by
Artificial Intelligence”27

+𝛲 +𝑊 ●

(Sockolow et al. 2010), “Confronting and Resolving
an Ethical Dilemma Associated with a Practice Based
Evaluation Using Observational Methodology of
Health Information Technology”28

+𝛲 +𝑊 ●

(Cornford et al. 2001), “Ethical Perspectives in
Evaluation of Telehealth”29

+𝑊 +𝑆 ◑

continued on the next page.
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Table 11.3 – continued from the previous page

Study: (Author Year), Title Databasea Inclusionc

PubMed WoSb Scopus

(Aitken et al. 2016), “Public Responses to the
Sharing and Linkage of Health Data for Research
Purposes”30

+𝑆 ●

(Jensen 2016), “Clinical Simulation as an Evaluation
Method in Health Informatics”31

+𝑆 ○

(Kaplan 2016), “Evaluation of People, Social, and
Organizational Issues - Sociotechnical Ethnographic
Evaluation”32

+𝑆 ●

(Nykänen et al. 2016), “Quality of Health IT Evalua-
tions”33

+𝑆 ○

a The Database column indicates where the article was found by showing a+, superscripted by the first letter of the
corresponding database name and located in the corresponding sub-column.

b Web of Science.
c A fully-filled circle (●) means the study satisfies the inclusion criteria. A Half-filled circle (◑) means the study

discuss ethical challenges in using health information systems but the discussion can be extended to be applied
for ethical challenges in evaluation of those systems. An Empty circle (○) means the study does not satisfy the
inclusion criteria.

d Content of the article was not accessible for the authors during the searching stage.

The stages of evaluation, the major involving entities, and the quality
aspect created a three-dimensional spacewhich is visualized in Figure 11.4.
The 20 ethical risks and challenges which were found in this space, both
through looking at scoping literature review or postulating based on the
three dimensions, are summarized inTable 11.4. In the table, each elicited
ethical challenge is elaboratedwithmentioningwhich stage of evaluation
it is more likely to happen, impeding or undermining of which qualities
can be associated, and what major entities are involved in the situation.
A short note is added for each ethical challenge item, which describes the
challenge further by questions or examples.

11.4 Discussion

The method presented in this study provides a systematic approach
for detecting ethical challenges in the evaluation of health information
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Figure 11.4: The three dimen-
sional space of ethical chal-
lenges consisting of evaluation
stages, quality aspects, and en-
tities dimensions.
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Table 11.4: Possible ethical challanges due to evaluating and researching health information systems. Each
ethical challange is detailed with its associated stages of evaluation, risked qualities, major involving entities
(stakeholders, groups of stakeholders, and artefacts), and a short descriptive note.

Risks and Challenges Stagesa Quality Aspectsb Major Entities

P E O R

1- Wrong understanding or priori-
tization of the evaluation goals or
values25,29,32

P R • effectiveness
• evaluator
• policy makers
• society

What are the important values for which we are evaluating the
health information system?

2- Ineffectiveness in the research
ethics board (REB) functions or
misinformed consent due to the
nature of technology23,30

P E • trustability
• patients
• entities in the technology

setting

Confusing terms of consent or unpredictable outcomes due to the
nature of technology, can invalidate the consent.

3- Misinformed consent due to
possible future aggregation of
data23,30

P E • trustability
• patients
• entities in the technology

setting

Is the subject patient aware of how aggregation of data can identify
him/her or his/her condition (leading to privacy or even safety issue)?
Can anybody be fully aware of possible contengencies of future
aggregation of data?

continued on the next page.
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Table 11.4 – continued from the previous page.

Risks and Challenges Stagesa Quality Aspectsb Major Entities

P E O R

4- Health and safety hazard for
patients, due to health information
system malfunction28

E • safety
• patients
• entities in the technology

setting

Could the evaluation or research process make an intervention that
cause health information system malfunction, endangering the
safety of patients?

5- Health and safety hazard for
health professionals, due to health
information system malfunction

E • safety
• health professionals
• entities in the technology

setting

Could the evaluation or research process make an intervention that
cause health information system malfunction, endangering the
safety of health professionals?

6- Disrupting the access to health
care service or undermining the
patient autonomy25

E • accessability
• patients
• entities in the health set-

ting

Does the evaluation or research process temporarly disrupts the access
of patients to health care service? Does it undermine the previous
autonomy of patients in accessing to those services?

continued on the next page.
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Table 11.4 – continued from the previous page.

Risks and Challenges Stagesa Quality Aspectsb Major Entities

P E O R

7- Disrupting the health care
service availability or functionality

E • availability
• effectiveness

• patients
• health professionals
• entities in the health set-

ting
• entities in the technology

setting

Do we need to disrupt the health care services for the sake of
evaluation or research? Does the evaluation or research disrupt the
functionality of the technical infrastructure that the health care
services rely on?

8- Discrimination in access to
health care service30

P E O R • patients

Does the approach of evaluation or research make discrimination
between subject patients (for the sake of research) in their access to
health care service? Does the observation or report advantage a group
in terms of the amount of knowledge it provides about them?

9- Task overload in patients E • adherence
• efficiency

• patients

Does the evaluation or research process overloads the patient with
tasks that might affect his/her ability of following and adherence in
the main treatment process, or create general inconvenience?

continued on the next page.
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Table 11.4 – continued from the previous page.

Risks and Challenges Stagesa Quality Aspectsb Major Entities

P E O R

10- Task overload in health profes-
sionals

E • efficiency • health professionals

Does the evaluation or research create overload of tasks for health
professionals, decreasing their efficiency in provding health care
service or creating a general inconvenience?

11- Usablity of the health informa-
tion system for patients

E

• safety
• effectiveness
• empower-

ment (in
patient)

• patients

Does the evaluation or research process change the usability of the
health information system, making it hard or confusing to follow
up the threatment that relies on the system?

12- Usablity of the health informa-
tion system for health professionals

E • efficiency
• safety

• health professionals

Does the evaluation or research process changes the usability of the
health information system, making it hard or confusing to utilize
the system to provide health care service?

continued on the next page.
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Table 11.4 – continued from the previous page.

Risks and Challenges Stagesa Quality Aspectsb Major Entities

P E O R

13- Esclating cost of health care E • affordability • entities in the social and fi-
nancial setting

Does the evaluation or research increase the total cost of using that
health information system in a way that makes it unaffordable or
lead us to choose the alternative but less efficient technologies?

14- Conflict of interests, patient
case

E O
• empow-

erment
(patient)

• patients
• technology providers

Patient, as the receiver of health care service, might express positive
but unrealistic attitudes about the health information system, due to
the fear of being discriminated in using the system.

15- Conflict of interests, technol-
ogy provider case

E O • evaluator
• technology providers

Sometimes, the data needed for the evaluation is provided by the
same technology provider that has developed and deployed the
health information system. The evaluation report might affect
the technology provider, creating motivation for tampering the
experiment, or observation.

continued on the next page.
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Table 11.4 – continued from the previous page.

Risks and Challenges Stagesa Quality Aspectsb Major Entities

P E O R

16- Breach of privacy and confiden-
tiality through evaluation report or
research results30

R • patients
• evaluation report

Does the evaluation or research report identifies the subject patients
and/or their conditions? Is this anonymity affected by future
advancements in identification techniques?

17- Breach of privacy and confiden-
tiality during observation21

O

• patients
• evaluator
• entities in the technology

setting

Does the researcher, evaluator, or the third party providing technical
logistics can see details about the patients that have not obtained the
consent?

18- Breach of privacy and confiden-
tiality by the patient mistake

E

• patients
• evaluator
• entities in the technology

setting

An untrained patient can breach his/her own privacy by misuse of
health information system during the experiment period.

continued on the next page.
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Table 11.4 – continued from the previous page.

Risks and Challenges Stagesa Quality Aspectsb Major Entities

P E O R

19- Miscommunication of the risks
and challenges27

R
• evaluator
• entities in the social and fi-

nancial setting

Evaluation or research outcomes might be articulated in a way
that potential future patients, policymakers, or society in general
underestimate or overestimate the risks and challenges of using the
system or technology.

20- Unextendability and uncompa-
rability

R
• evaluator
• entities in the social and fi-

nancial setting

Does the evaluation report help priorotizing allocation of scarce
resources in health care, increasing the overall benefit of the society?

a P→ Problemitization, E→Experimentation, O→Observation, R→Reporting
b These quality aspects are elicited from the FI-STAR project, using the UVON method.2

systems. The three-dimensional space of investigation, i.e., entities (stake-
holders and artefacts), relevant quality aspects, and evaluation stages,
provide a panoptic view of possible ethical challenges that might happen
due to running an evaluation process. The method results in finding
both general and case-specific ethical situations, reducing the risk of ig-
noring those situations. Though the method does not guarantee that all
possible combinations of entities, aspects, and stages point to a real-world
ethical case, nor it enables us to have insight into how each combination
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:values driving the evaluation
or research

34: Greenhalgh et al. 2010

35: Kaplan et al. 2008

36: Iserson 2000

37: Greenhalgh et al. 2010

of those dimensions might interact and create a case.

11.4.1 Ethics of problematization

What values need to be researched, evaluated, andmeasured in a health
information system (refer to item 1 in Table 11.4)? Evaluators and re-
searchers are supposed to take an objective and neutral approach towards
including supportive or unsupportive pieces of evidence when doing an
evaluation—albeit with considering the caveats that rise in its possibility
and appropriateness.34 Despite this emphasis on neutrality in evidence
inclusion, being neutral, open-minded, or receptive to the diversity of
values expected from a system is less emphasized. The current trend in
the research and evaluation of health information systems focuses on pos-
itivistic values such as efficiency, effectiveness, and economic trade-offs35

where the critical-interpretive evaluations are less common.34

In a variety of health information systems, some values might have
been sacrificed for the sake of improving some others.36 A project in
health information systems is prone to mishandle or undermine this
challenging trade-off at the time of problematizing, where the identified
problems would drive the whole future of the project. The researcher
who runs a summative evaluation of that system might be blinded and
biased about other required values if he looks only into the proclaimed
targets of the project, ignoring the ethical trade-offs and issues in a bigger
context. The real importance of qualities can be another problem in
the evaluation process initial perspective. A researcher might base his
study on researching and reporting the qualities that their values are not
justified, are not a part of the consensus, or are discriminatory. For exam-
ple, the efficiency of telemedicine solutions might become a compromise
for giving up other values, such as social interaction, independence, and
autonomy.35 It might decrease the cost of delivering health care service,
however, is that able to improve or at least maintain the same level of
equity and equality29or can that create discrimination30 (refer to item 8
in Table 11.4)?

A major conflict in the selection or interpretation of the values in the
evaluation of health information systems comes from choosing the side
of positivism or interpretivism.34,37 While the positivistic norms rule the
research in the evaluation arena, there exist critics that accuse this way of
evaluation to be mostly a response to our need for stability, simplicity,
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:risks of invasive evaluation on
critical mission systems

and order rather than the needs of evaluation with the end-users in
mind.34,38

The ethical challenges of evaluation and researching health informa-
tion systems can amplify due to the nature of technology. The ultimate
impacts of using information technologies are not always known at the
time of using them. For example, how a cloud-based solution that stores
sensitive information on the cloud can be safe against future threats?
This uncertainty creates challenges for a REB when reviewing the pro-
posal of a research or evaluation activity23,30 (refer to item 2 inTable 11.4).
Similarly, taking consent becomes ethically challenging due to lack of
clear image of how the intervention might end up23,30,39 (refer to item 3
in Table 11.4).

11.4.2 Challenges in Experiments

Mission critical health information systems are not ethically appropri-
ate for invasive evaluation studies. Evaluation research is not supposed
to introduce the risk of interruption in service, altering accessibility,25 ex-
clusion of users, discriminating between users, lowering safety standards,
or degrading the effectiveness in those systems (refer to items 4,5,6,7,
and 8 in Table 11.4). It should be noted that the risk of unsafety can exist
both for the patients and health professionals, as the latter group can rely
on alarms or instructions produced by the health information system
to maintain their safety in the work environment. Care, as an ethical
obligation, should be takenwhen a health information system is going to
replace a traditional method or when a newer health information system
is going to replace the older one. As examples, more care should be taken
when a telemedicine solution tries to replace face to face methods.

To better understand the required degree of care, one might compare
the situation with the medical experiments on individuals. Any medical
experiment is associated with a degree of the perceived risk that needs to
be revealed when taking consent. Types of experiments exist that always
need to be postponed to postmortem —albeit with considerations—
such as a biopsy of the brain for diagnosis of Alzheimer; while taking
magnetic resonance imaging (MRI) images from the same patient only
needs the consent for using the anonymized patient information and
brain images for the current or future studies. Health information sys-
tems can be critical parts of health care services or health care settings,
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:side-effects of non-invasive
experiments
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:overload, degradation of the
usability, and extra-cost

and health care service is a determinant of health for individuals.40 This
means ethical considerations in evaluation or research should be adjusted
to the severity of impact when introducing a new health information
system, replacing an old one, or manipulating a running one.

A researcher or an evaluator might encounter a situation where he or
she discovers a risk for the patients or health professionals due to the
malfunction of the health information system. However, any interven-
tion could void the results of research or evaluation.28 This is an ethical
challenge for researcher or evaluator as there is a need to assess the degree
of possible harm, and if it is real and sever one then to halt the research
process —postponing findings that can be similarly important for safety
to an unknown future— in the sake of preventing the current existing
harm.

When a health information system is not mission-critical, and its use
is voluntarily, then its evaluation can be excused from the previously
mentioned restrictions. Many of m-health apps are not core to any
mission-critical health service but try to promote a healthier lifestyle.
Still, the relaxed constraints in those types of health information systems
do not dismiss the need for ethical considerations during the experiment
time. Studies that report on the evaluation of health information systems
might recruit a large population for the sake of experiment and ask the
study subjects to use, alter the use, or stop the use of a system. Any
outcome, subtle or more than subtle, might impact lots of people. The
risk of low hazard adverse effects increases with a larger population or
longer exposure.

As an example, a systematic literature review concludes a small but
statistically significant correlation between symptoms of depression and
usage of social media in youth population.41 Another report links using
social media with higher anxiety, depression, and poor sleep.42 But on
the other side, one can find many studies that are characterized by using
socialmedia in healthcare, particularly promoting health. The evaluation
experiments that increase the risk of those hazards by repeating them
through many individuals or exposing the subjects to them for a long
term of usage need to take stronger ethical considerations.

Research and evaluation of health information systems can require
adding some extra steps in the normal workflow of system utilization
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:double faceted experiments

or the whole health care process. These extra steps, whether added into
the user interface of an app or the daily routines of health staff, can
both create an overload of tasks for the patients or health professionals
and degrade the usability of the system (refer to items 9,19,11, and 12 in
Table 11.4). The overload of tasks can not only undermine efficiency for
both patients and health professionals, but it also can risk the adherence
of the patient to the treatment process. Degraded usability of a health
information system might undermine its planned contribution to the
health care process, posing a threat to the safety and effectiveness of
treatment. It can also reverse the empowerment gains that the system
was supposed to provide for the patients.

Evaluations can also be a subject of cost-effectiveness analysis, similar
to the technologies. Those extra steps can also increase the cost of the
system (refer to item 13 in Table 11.4) in a way that makes it unaffordable,
implicitly leading to less efficient or effective alternatives. At the same
time, any cost in the limited budgets of health care translates to a trade-off
with some health care features. Any extra step in the evaluation should
be ethically judged in the light of what needs to be cut for the sake of
evaluation. It is also needed tomake a balance between predicted benefits
of the evaluation from one side and from the other side the possible loss
due to the unaffordability of the whole package of the new system and
its evaluation.

In the health sector, animals, instead of human subjects, are used to
conduct experiments in the pharmaceutical, surgical, and other medi-
cal studies. Even this privilege has been constrained more and more by
higher standards for animal rights, requiring sound reasons for permit-
ting any such experiments. But animals are not known to be users of
information systems; it is only humans who could play a role in running
any of these experiments. The volunteer participation of users is based
on an implicit assumption that using those systems does not expose the
participant to high risks of hazards. But, it is not always easy to recognize
a hazardous quality from a normal or even a valuable one.

For example, addictive usage is a common, unfavorable, and observ-
able symptom among the users of a variety of software systems. The 10th
International Classification of Diseases (ICD) describes habit and im-
pulse disorder, i.e., addiction, in the F63.8 entry as: “kinds of persistently
repeatedmaladaptive behavior that are not secondary to a recognized psy-
chiatric syndrome, and in which it appears that the patient is repeatedly
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failing to resist impulses to carry out the behavior. There is a prodromal
period of tension with a feeling of release at the time of the act. ”43

Examples can vary from checking emails in unreasonably short intervals
to more severe cases of continuously playing computer games. But from
the other side, gamification and serious games are the growing trends in
health care, particularly in health information systems. In gamification
or serious games, the users go through learning, behavior correction, or
creating healthy habits by participating in game-like interaction with
those systems.44,45 This becomes a question if it is ethical to research
addictive behaviors by exposing participants, even voluntarily, and then
evaluating the effectiveness of that health information system? Examples
can be found in the health information systems literaturewhere addictive
features of has been suggested as a value for promoting health.46

Another ethical challenge of experimenting with such addictive usage
of health information systems is the normative tone in reporting the
result of the research. For example, improving adherence is considered a
favorable quality aspect in some types of health information systems.2

But adhering to something can considerably indicate or connote being
addicted to that thing. Studies that report the evaluation of health in-
formation systems from the adherence angle, if possible, might need to
weigh and be more specific on the type of adherence being observed.

Informed consent is an integral part of medical experiments and tri-
als. The volunteer subjects explicitly express that they are well informed
about the process of the experiment and its possible consequences and
that with these considerations, they pursue going through the experi-
ment. In some circumstances, such as telehealth, the informedness does
not come easily as the risks of the new health information technology are
not clear at the time of trial23,30,39 (refer to item 3 in Table 11.4). Regard-
ing that only the humans, but not animals, can be subjects of information
technology experiments, there is no prior knowledge of possible adverse
effects of those technologies. When health information systems are core
to a health care setting and might interact with the subjects, being in-
formed about experiments requires continuously providing education
about possible benefits and burdens of the information technologies to
the subjects of the study.35

Protecting confidentiality and anonymity of health information
on individuals is the responsibility of the experimenting entity. Still,
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the constraint does not apply to the subjects themselves. While the
experimenting entity is supposed to provide a secured infrastructure and
trained personnel, but an untrained subject can unintentionally breach
his privacy by the wrong use of the experiment technologies (refer to
item 18 in Table 11.4). This situation raises the question that to what
extent the researchers are ethically responsible for training experiment
subjects of a health information system to protect themselves against
unintended self-induced consequences, such as deanonymization.

11.4.3 Challenges in Observation

The approach in big data and data analytics contrasts with other forms
of user feedback collection in the sense that user consent in providing
information is not taken in explicit terms (refer to items 3 and 16 in
Table 11.4). While in a typical user feedback gathering, such as when
usingquestionnaires and interviews, the user iswell aware ofwhat kindof
informationheprovides to the data gatherer, but that is not the case inbig
data and data analytics.23 In big data and data analytics, there is usually a
clear set of data features being collected, but they can be combined in
indefinite and undefined forms. Usually, in this situation, only a general
consent is taken that authorizes the analyzer entity to collect categories
of information and be able to combine them in arbitrary ways to draw
conclusions that might be loosely bounded by general terms, such as
research goals. Even if the anonymity of study subjects are protected in
the final research or evaluation report, however, most of the time, it is
not clear how researchers, health professionals, technical staff, and third-
parties are restricted21 from identifying the subjects beyond the privileges
confirmed in the consent (refer to item 17 in Table 11.4).. Browsing
the privacy policy agreements of well-known information technology
companies,47–49 one might not be sure how the goals of service the user
might be defined. In the evaluation of health information systems, we
might need to be more transparent and precise when communicating
with the subjects the types of results or the degree of flexibility theymight
need in the future for combining the gathered data.30

Practicalities of research and evaluation of health information
systems might force the researcher to conduct his research by relying on
pieces of information, such as application logs, that are only provided
by the developers and implementors of those systems (refer to item 15
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in Table 11.4). Also, sometimes, the developers of the system are the
only ones who have the required logistics to access the end-users, and the
researcher or evaluator has to recruit them as a proxy towards the end-
users, patients or health professionals. Developers, implementors, and
owners of a health information systems are the beneficiaries in the final
assessment, at the same time, they have exclusive access to some of the
tools andmaterials required for the research. This, of course, is a conflict
of interests that might endanger the objectivity50 of the research. The
nature of this deviation from objectivity can be suppression of the results
that do not confirm the required quality for the system, hiding adverse or
unfavorable events caused by using the system, and mishandling of the
research protocol as it is ratified by the corresponding ethical committee
if any.51

In a similar case, the asymmetrical power relation between patient and
the person who performs the evaluation query, which could be health
professional or technology provider, can force the patient to express
positive assessment (refer to item 14 Table 11.4). This can be due to
the interpersonal relationship or even the fear of being discriminated
in receiving health care or using the system if a none-positive attitude is
expressed.

Normally, reporting those possible leakages of objectivity is required
—although postmortem— counteraction against those risks. Still, with
some planning, systems can be developed to be friendly for more neutral
evaluations, where the required data acquisition mechanisms for objec-
tive research are embedded in the software, its deployment processes, and
maintenance services. Independent feedback collection platforms can
be examples of such technical tools for ethical research and evaluation.

11.4.4 Challenges in Reporting Results

Health technology assessment and evaluation of health information
systems are both tools for policymakers to analyze the policies and make
the right decisions52,53 Indicators, such as quality-adjusted life year
(QALY) and disability-adjusted life year (DALY), have been introduced
to enable measuring and comparing the impact of health interventions
and technologies. It is tough for the evaluators of health information sys-
tems to use such indicators to report on the impact of health information
systems,54 in particular, if the impact of health information technologies
on the health care is not well-vetted yet.55
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The limitation of research in the evaluation of health information sys-
tems in recruiting clinical indicators, such as QALY and DALY, creates
an ethical inefficacy when different options of investment in health infor-
mation systems exist but the evaluation results cannot be compared to
each other to help to select the best choice (refer to item 20 in Table 11.4).
Different investment and development options could create different
clinical impacts. In the absence of sound indicators, similar to QALY
and DALY, there is an ethical obligation for researchers to produce eval-
uation reports that are comparable as much as possible. Methods of
evaluation that facilitate the comparison of heterogeneous health infor-
mation systems2 are desirable in this regard.

Researchers are usually supposed to publicly publish their data
findings with the finest resolution, as much as it makes the results re-
viewable and the experiments repeatable, while avoiding the breach of
privacy and confidentiality. At the same time, the public publication of
data can make it possible to deanonymize the individuals30,56,57 (refer to
items 15 and 16 in Table 11.4). This creates an ethical challenge, in partic-
ular, considering that researchers cannot anticipate whether the future
data or methods would make deanonymization possible or not. The
right trade-off between revealing and censorship approaches, or between
aggregated and detailed data, becomes an ethical burden which can only
be reduced, but not removed, by following the relevant regulations.

Evaluation or research outcomes might be articulated in a way that
potential future patients, policymakers, or society in general underes-
timate or overestimate the risks and challenges of using the system or
technology27 (refer to item 19 in Table 11.4). Reporting the evaluation
or research output without understanding the context of consumption
of that report can not only undermine the report added value, but it
can also contribute negatively to the public understanding of the health
information systems and technologies, delaying their right utilization.

11.4.5 The Method, Feature and Limits

There are limits concerning both approaches to the method used in
this study. In the scoping review, we have limited ability to find the
articles that are about ethical issues, by just specifying the right keywords.
Therefore, it can be imagined that there exist studies about ethical chal-
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lenges that have not explicitly used a keyword like ethics in their titles
or abstracts. This is an intrinsic issue with the category of review study;
however, we had a piece of evidence for the issue. The number of articles
found in the PubMed database was relatively three to five times more
than Sopus and Web of Science. However, excluding the MeSH terms,
will drastically drop the number of results from PubMed (N=44), mak-
ing it similar to the results from the two other databases. This shows
that there are articles which could not be captured by normal keywords;
however, their authors have categorized them in the ethics group, using
the relevant MeSH terms.

The limit with the postulation approach is the width of the qualities
resulted from applying theUVONmethod in the FI-STARproject. One
can imagine that more qualities might be elicited if the UVON method
was applied over a greater number of health information systems, a
greater number of users, or it was configured to make less unification
among similar qualities.

The method used in this study has the capacity to be reused in simi-
lar future studies. In similar studies, again, a three-dimensional space
(Figure 11.4), consisting of stages of the main process, demanded qual-
ities and acting entities dimensions, can be reconstructed to find the
possible ethical challenges. The idea behind the approach of using three-
dimensional space is that it becomes easier to identify an ethical challenge
by specifyingwhen it happens (stages), who orwhat is involved (entities),
and what important thing can be missed (quality aspects).

As performed in this study, the stages of the main process can be
extracted from the literature; the involving entities can be elicited both
from literature and sample cases; and the quality aspects can be elicited
and organized from sample cases by a method, such as UVON. Then,
one can run a round-trip of locating known challenges in the space and
postulating further challenges by looking at the elements of each three-
dimension together.

11.5 Conclusion

In this study, we focused on ethical challenges that can be caused or raise
due to evaluating or researching health information systems. We distin-
guished this category of ethical challenges fromother categories of ethical
challenges that can happen in the context of using health information
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systems. Through a systematic method comprising of scoping review
and postulation, we discovered a list of 20 possible ethical challenges.

The items in the list were discussed through the four stages of prob-
lematization, experimenting, observation, and reporting. The discussion
denotes issues such as the actual value of evaluation, breach of privacy,
risks for safety, problems with usability and accessibility, conflict of in-
terests, problems with the informed consent, and miscommunication.

The systematicmethod introduced in this study, recruits both scoping
review and postulation approaches, and considers a three-dimensional
space, comprised of evaluation stages, quality aspects, and acting enti-
ties dimensions. This space can be reconstructed in similar studies, for
eliciting ethical challenges in the subject context.
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24 "health information technology"[Title/Abstract]
25 OR

http://dx.doi.org/10.7326/0003-4819-144-10-200605160-00125
http://dx.doi.org/10.7326/0003-4819-144-10-200605160-00125
http://dx.doi.org/10.7326/0003-4819-144-10-200605160-00125
http://dl.acm.org/citation.cfm?id=1839331
http://dl.acm.org/citation.cfm?id=1839331


ethical challenges of evaluating health information systems 257
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31 OR
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Design of a Semi-Automated and Continuous
Evaluation System
Customised for the application in e-Health

ShahryarEivazzadeh,MarkusFiedler, JohanS.Berglund,
Peter Anderberg, Tobias C. Larsson

Abstract

Background and Objectives The survey-based evaluation of a
system, such as measuring user’s satisfaction or patient-
reported outcomes, entails a set of burdens that limits the
feasibility, frequency, extendability, and continuity of the eval-
uation. Automating the evaluation process, that is reducing
the burden of evaluators in questionnaire curation orminimis-
ing the need for explicit user attention when collecting their
attitudes, can make the evaluation more feasible, repeatable,
extendible, continuous, and even flexible for improvement.
An automated evaluation process can be enhanced to include
features, such as the ability to handle heterogeneity in eval-
uation cases. Here, we represent the design of a system that
makes it possible to have a semi-automated evaluation system.
The design is presented and partially implemented in the con-
text of health information systems, but it can be applied to
other contexts of information system usages.

Method The system was divided into four components. We
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followed a design research methodology to design the system
where each component reached a certain level of maturity.
Already implemented and validated methods from previous
studies were embedded within components, while they were
extended with improved automation proposals or new fea-
tures.

Results A system was designed comprising four major compo-
nents: Evaluation Aspects Elicitation, User Survey, Bench-
mark Path Model, and Alternative Metrics Replacement. All
components have the essential maturity of identifying the
problem, identifying solution objectives, and the overall de-
sign. In the overall design, the primary flow, process entities,
data entities, and events for each component are identified
and illustrated. Parts of some components have been already
verified and demonstrated in real-world cases.

Conclusion A system can be developed to minimise the human
burden, both for the evaluators and respondents, in survey-
based evaluation. This system automates finding items to eval-
uate, creating questionnaire based on those items, surveying
users’ attitudes about those items, modelling the relationships
between evaluation items, and incrementally changing the
model to rely on automatically collected metrics, usually im-
plicit indicators, collected from users, instead of requiring the
explicit expression of their attitudes. The system provides the
possibility of minimal human burden, frequent repetition,
continuity and real-time reporting, incremental upgrades re-
garding environmental changes, proper handling of hetero-
geneity, and a higher degree of objectivity.

Keywords

Evaluation, Questionnaire, Information Systems, Patient Re-
ported Outcome, User’s Attitude, Automation
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1: Blessing et al. 2009

:what to evaluate?

12.1 Introduction

Surveying, a traditional and well-established way of evaluating sys-
tems, is the most common approach when users’ attitudes about the
outcomes of a system are required. By surveying, a subjective evaluation
of the system by its users becomes possible, when the objective eval-
uation is not feasible or preferred. For example, in health care, using
patient reported outcome measures (PROMs) is common for evaluating
interventions, with both that intervention which creates clear health
outcomes and the one which it is hard to associate with any direct health
impact. This approach also applies to the evaluation of an intervention
that introduces a technology or a system into a health setting. For a health
information system intervention, which is usually facing the challenge
of associating clear clinically approved health outcomes to their usage,
questionnaires are the central measurement instrument in evaluation.

In this manuscript, we follow a design research approach1 to identify
the problems with evaluating a system outcome by surveying users with
questionnaires and devising a solution, a design, that can overcome those
problems. We have contextualised our design for the evaluation of health
information systems, and parts of it already have been developed and
examined in this context. However, the proposed design is not limited
to health information systems. It can be used to evaluate any system in
which the overall attitude of its user is core to the definition of success, a
continuous evaluation is required, and a great deal of budget and human
resources for evaluation is not feasible.

12.2 Problem Identification

In evaluating interventions, especially in summative form, a common
approach is surveying users, for example the patient or health profes-
sional users of health information systems. Users give a holistic account
of an intervention, though it is limited to the aspects specified in the
questionnaire. However, there are inherent challenges with evaluations
using surveys, both in the creation of questionnaires and survey imple-
mentation.

An initial challenge for a user-centric evaluation is to determine what
aspects to evaluate. Users and experts both have the authenticity to iden-
tify evaluation aspects. Experts usually express their opinions through
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evaluation frameworks that specify aspects that need assessment. An
evaluation framework is not case-specific; it advises evaluation aspects
statically and universally. Conversely, the users of a system can demand
outcome qualities that simultaneously determine evaluation aspects.
These demands on specific qualities are case-specific and cannot be ex-
tended directly to other cases. We can rearticulate these two approaches
as top-down or bottom-up approaches. In the top-down approach, an
existing and relevant evaluation framework suggests what to evaluate,
and the suggestion needs to get contextualised in the case. In the bottom-
up approach, the evaluation aspects are elicited from the users or other
stakeholders, but need to be curated and integrated.

However, being dynamic or context-specific means that one must
review and update evaluation aspects whenever users demand new fea-
tures, qualities, or outcomes, as well as when the stakeholder or users’
population changes and the new population has different members or
reflects new perceptions.

Comparing two or more systems can be a requirement for an evalua-
tion task; however, there is a caveat to such a demand. Subject systems
can be heterogeneous to a large degree, making it challenging to find or
define the commonalities that enable comparisons. To handle the com-
parison task, one must elicit systems’ commonalities. However, those
commonalities should not be too generic to be common among many
other irrelevant systems.

A similar problem arises with a heterogeneous set of systemswhen try-
ing to evaluate the whole set. The answer to ’What should we evaluate?’
can be more challenging if there is more than one system for evaluation
or a system is composed of several distinct parts, where there are different
aspects to evaluate for each. In other words, if a set of systems or parts
of a single system construct a heterogeneous set of items there would
be challenges in finding aspects to evaluate, because the result of evalu-
ating those aspects in all systems must be added and summarised . An
extended answer should address the heterogeneity of evaluation aspects
and find a common denominator for different systems, so results can be
added and combined.

The evaluation of health information systems can place a high demand
on individual, organisational, and financial resources, including but not
limited to evaluators’ labour, user attention, or disruptions in treatment.



design of a semi-automated and continuous evaluation system 265

2: Greenhalgh et al. 2010

:automatically collected metrics
(automated metrics)

:updated evaluation

Automation can help reduce the pressure on those resources by replacing
human agents with software. But many of the evaluator tasks cannot
easily be delegated to machines. The same is true and, indeed, a greater
challenge where users’ attitudes are required. The first impression is
that one cannot collect users’ attitudes without their involvement and
intentional interaction, which increases the challenge of the evaluation.
Regarding the above mentioned practical limitations, a more realistic
goal might be to consider a scale of automation from semi to fully auto-
mated. The semi-automated situation can be defined as a state in which
a considerable human burden has been eliminated from the evaluation
tasks but there still are points at which human judgement, engagement,
or intervention is required. For the fully automated, or simply called
automated situation, it can be defined as a state in which the need for
human intervention and judgment has been minimised to infrequent
and sporadic cases of monitoring or decision making.

The explicit expression of users’ attitudes about the impact of a sys-
tem, that is the subjective attitude, has both advantageous and disadvan-
tageous sides. The advantage is that user-reported outcomes, such as
PROM, constitute a holistic approach to evaluate the system. It avoids
the pitfall of reductionism in investigating problems and the benefits
of a system by objective approaches, such as measuring some objective
measures.2 The disadvantage is that users’ attitudes might be influenced
by factors like the relationship with the evaluator or developers of the
system, which are out of the scope and intentions of evaluation. An
approach is demanded that can find the right combination of these two
approaches and make a good tradeoff.

Automated metrics can be considered a solution to the aforemen-
tioned problems. We can define the automated metrics as those mostly
implicit indicators that aremeasured by observing users’ behaviour (such
as their navigation pattern through web pages) which do not require
their intentional and conscious interaction, while, they are proxies to
their intentions. However, automated metrics are usually semantically
dumb compared to surveys. For example, the actual usage of a health
information system can be monitored easily by the relevant analytical
indicators, for instance system logs, but it is very hard to correctly discern
the degree of user satisfaction.

Periodical surveys using questionnaires might capture users’ at-
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titudes about a health information system in snapshots, but they are
expensive and time consuming for regular repetition. Due to changes in
the context, users, or technologies, those surveys, if not updated, might
become less relevant in pointing to the most important qualities that
create satisfaction.

It is hard to repeat non-automated evaluations, due to the need for users’
direct involvement. For the same reason, it is very hard if not impossible,
to run the evaluation continuously. Regarding the cost structure of
evaluations, unspecific items can be reused in the proceeding turns, but
other items create the same expense each time. An already well-designed
questionnaire can be reused as long as it is relevant, and new items do
not need to be considered. However, running the actual survey repeats
its costs and burdens. Each instance of running a survey requires almost
the same amount of human labour as before.

Moreover, a real-time, continuous evaluation is reflective. For user-
reported outcome measures, a continuous evaluation shows trends or
even drastic changes in the attitudes and perceptions of users. Instead of
guessing the right time to rerun the evaluation, the continuous evaluation
sends an alarm when there is a change.

As a designed product, health information systems in their lifespans
go through iterations of design and redesign for the sake of incremental
improvements or disruptive innovations. Continuous evaluation enables
designers to sense a user’s reaction in real-time, creating a feedback loop
to design decisions.

Mission critical health information systems must be reliable. There-
fore, they aremonitored for their functionality. Beyond the functionality,
the status of how those systems are accepted or adopted and if the users
are still satisfied with them can change. However, to the best of our
knowledge, less attention has been paid to this perspective. Here, the
question is not only if users are utilising those systems less or more, but
also if they are drifting away from satisfaction with the system. It can
be informative and enlightening for designers, managers, or even end
users to understand the reason for a churn rate or what is impacting any
increase or decrease in acceptance and satisfaction. To reach this enlight-
enment, one must align and compare those increases or declines with
other events and trends at the setting, enterprise, or societal level to esti-
mate what might be the impacting factors. Reaching this enlightment
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probably demands vast effort, while even smaller-scale investigations
might be still rewarding, facilitate those investigations, and be appreci-
ated.

12.3 Objectives of the Solution

Providing the possibility of automated or semi-automated, contin-
uous, dynamic, and analytical evaluation is the main objective of the
solution provided in this study. All these required four features are in the
context of summative evaluation. In addition, the solution is intended
to be used for only the type of evaluations based on user-reported out-
come assessments or other measurements that are related to, perform as
a proxy, or closely follow user-reported assessments of the outcome.

The feature of automation is dispersed across the whole functional-
ity of the solution, requiring the least possible interaction from the
evaluator or users of the health information system. Most notably, au-
tomation should find the answer to ’What to evaluate?’ by referring to
user-requested qualities or evaluation aspects specified in an arbitrary
evaluation framework. Additionally, when there is more than one way
of combining measurements to evaluate the health information system,
the solution should automatically provide possible valid combinations
and calculate the possible comparative indicators between options. Fit-
ting a model to available data and other types of calculations should be
seamless. As an automated evaluation solution, instead of the pulling
approach whereby the user actively monitors the situation, the solution
should be able to push notifications and automatically alert evaluators
about noticeable changes in evaluation results or conditions.

Automatic ontology generation has long been a research topic.3,4

However, the automatic or semi-automatic generation of questionnaires
that reflect users’ most-demanded impact qualities needs more com-
ponents than the automatic creation of ontologies. This automated
generation of questionnaires can be more complicated if, for example
it is to be used in a model, there should be groups of questions, each
representing one concept.

The solution should continuously track changes in the user’s perception
of evaluation dimensions. By being continuous, it means the evaluation
is non-interrupted, operates for the lifespan of the subject health infor-
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mation system, and needs few to none repeating queries from users. In
other words, tracking changes in users’ perceptions should not need us
to repeat the burden of directly querying the users by questionnaires;
instead, it should find other equivalent and automatically collectible indi-
cators that can replace the items in the questionnaire. Being an equivalent
indicator means new measurements should mimic user-reported assess-
ments as closely as possible. Nevertheless, there are always constraints to
this flexibility, be they the maximum theoretically possible flexibility in
replacing measurements and their relationships with other alternatives,
or practical limitations in leeways due to solution specifications.

Continuity is considered important to the evaluation of health in-
formation technologies, especially if those systems or technologies are
evolving.5 However, to the best of our knowledge, the method of im-
plementing an automated continuity is not described in the literature.
Nonetheless, the functionality of some systems, such as recommender
systems in e-commerce,6 might be considered some sort of automated
prediction of user evaluation, where the automation characteristic also
makes it possible to be continuous. Nevertheless, the breadth of evalua-
tion needed for health information systems differs from recommender
systems, as does the nature of their continuous evaluation.

The solution should provide the possibility of dynamic evaluation. By
being dynamic in evaluation, we mean the solution can be reconfigured
to receive various sets of measurements or rely on disparate assump-
tions in modelling the relationships between measurements, while its
evaluation remains valid in the range that it is possible regarding the
changes.

The need for a dynamic or adaptive evaluation approach for informa-
tion systems is already identified, especially for the changing contexts7

or goals.8 Meanwhile, studies on adaptive systems and user modelling9

can be extended to applications in the evaluation of health information
systems. We could not find any study that explored the automation
or minimisation of the human burden in an adaptive and user-centred
evaluation of information systems.

Automated metrics are forms of user feedback that require no in-
teraction from the user side. Measuring automated metrics, compared
to running surveys, usually requires less human resources. They are
forms of user feedback that need no interaction from the user side. This
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interactionless trait lets other features come to the scene. Automated
metrics can be measured in assorted temporal scales, and they can be
continuously collected because they do not demand bandwidth from
the users’ limited channel of attention.

The solution should make a combination of analytical evaluation10

benefits (i.e. automated metrics) alongside the interpretive evaluation.
That means user-reported outcome assessments should be the core of
the solution output, while the analytical evaluation, that is relying on
automated metrics, should be provided as much as it closely follows
user-reported assessments of the outcomes.

There are already attempts to combine users’ opinions and implicit
automatedmetrics. For example, hybrid recommender systems in online
shops base their recommendations on combining explicit expressions of
users’ opinions, such as ratings, and implicit automated metrics, such
as page views.11,12 However, recommender systems usually focus on the
specific field of users’ interests in products, which is much narrower than
the vast area of the evaluation of impact qualities. In addition, those
systems usually aggregate users’ opinions with the implicit automated
metric, but they have less intention to replace surveys with those metrics.
Some health information system studies have used automated metrics,
such as web analytics, with user-reported methods. Nevertheless, they
have used it alone,13 complementing user-reported data,14 or running in
parallel.15 To the best of our knowledge, no studyon ahealth information
system has tried to replace users’ opinions with automatic metrics in an
evaluation process. Furthermore, though with a less rigorous search, we
could not find any study in other disciplines that performs a replacement
for the sake of lower costs, higher objectivity, or other relevant reasons.

12.4 Design and Development

We have considered four components to our system, each with distinct
functionality. The overall architecture of the system is demonstrated in
Figure 12.1. Respectively, details of blocks are depicted in Figures 12.2,
12.3, 12.4 and 12.5, using Business ProcessModel andNotation (BPMN).
To keep the figures simple and easy to read, we omitted loops and vari-
ations of tasks from the figures, instead explaining them through the
manuscript.

Component 1 combines User-Requested Outcome Qualities, which
can be embedded in unstructured text pieces, with an External Evalua-
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tion Framework to create a questionnaire. Component 2 runs a survey
based on the questionnaire. Component 3 creates a Benchmark Model,
a pathmodel, from the items in the questionnaire and calculates relation-
ships based on questionnaire results. The overall structure of the path
model is borrowed from an archetype in the database of Path Model
Archetypes. Component 4 replaces some variables of the path model
with automatically sensed variables, that is automated metrics, while
keeping the overall performance of the model. The automated metrics
belong to a database ofmetrics called Pool Of Automated Metrics, which
stores various automatically measured metrics for the users as data time
series, like application log files.

Through discussing the design and development of the system, we
consider two distinct groups of users. The first group is the end users
of the to-be-evaluated health information system that we simply call
users; the latter group employs the automated evaluation system, we call
them evaluators to distinguish them from the first group. For the sake
of brevity, when we want to refer to user-requested outcome quality,
framework-specified outcome quality, or a combination of both, we only
use the term quality.

12.4.1 Creating Questionnaire

The first component of the system, as shown in Figure 12.2, creates
a questionnaire in four steps. First, it identifies the qualities that are
required to be evaluated by users. Second, it optionally extracts qual-
ities from an evaluation framework, and third, it creates an ontology
from the qualities of both sources. Fourth, it creates a questionnaire for
the ontology for collecting users’ feedback. Details of this component
functioning are explained in the Unified eValuation using ONtology
(UVON) method, explained in the publication.16

Two sources are considered for the elicitation of qualities. Users are
the first and mandatory source, into which the evaluation aspects sug-
gested by an evaluation framework can optionally merge. In Figure 12.2,
the user source is labelled User-Requested Outcome Qualities; the other
source is labeled External Evaluation Framework.

An evaluation framework can complement user-specified require-
ments. The qualities required by users are collected in a bottom-up
approach, while evaluation frameworks, usually the embodiments of
experts’ opinions, specify the evaluation aspect, that is qualities, through
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the top-down approach. Nevertheless, the outputs of these two ap-
proaches can differ, while both are valid. In addition, user-required
qualities are case-specific, while the qualities specified by the evaluation
framework are universal for a class of cases. Combining these two sets of
qualities gives better coverage of possibly relevant evaluation aspects.

Eliciting qualities fromUser-Requested Outcome Qualities can be both
manual or automated. The automatic extraction of requirements by
natural language processing techniques has a long history in software en-
gineering;17 still developing through the utilisation of text summarisation
methods that use human language technologies.18–20 There is less need
for automation in eliciting evaluation aspects from evaluation frame-
works. They are usually explicitly expressed in those frameworks, but
might need manual curation to be feedable to the generated ontology.

The UVON method creates an ontology from the flat list of qual-
ities elicited from users or extracted from an evaluation framework.16

Although UVON is algorithmic and semi-automated, two types of de-
cisions require human decisions. The first is to determine if a quality
aspect is a more specific version of another quality aspect. The second
decision, somehow the reverse of the first, is to find a quality that is a
more generic form of a set of qualities. These two decisions can also
get automated by text analytics methods. Through lexical databases,
such as WordNet,21 a piece of software can find relationships between
two terms concerning how close they are or if in the hierarchy one is an
abstract form of the other (hyponym and hypernym relationship).21,22

This approach alongside automated elicitation methods can replace the
need for recruiting human agents to run the UVON method or at least
minimise the need for human intervention.

If one does not need to replace a user response with automatically
collected measures, this step would be the end of the automated evalua-
tion system, sufficing the automation of eliciting evaluation aspects and
creating questionnaires based on that.

12.4.2 Collecting Baseline Data

Thenext step is to gather users’ attitudes about the system’s performance
regarding users’ previously requested qualities or the evaluation aspects
suggested in the evaluation framework. Figure 12.3 depicts this part,
called theUser Survey component. This initial evaluation result is needed
to create a baseline for further automation. The finding can be used
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to find the automated metrics that match. As shown in the figure, it is
possible to rerun and update the survey result when it is required and
possible.

12.4.3 Creating the Benchmark Path Model

The next component of the automated evaluation system, Figure 12.4,
creates a benchmark path model. The path model represents the re-
lationships between the previously elicited qualities and user satisfac-
tion or acceptance variables. The strength of relationships in the path
model can be quantified using different methods, but for our purpose,
a kind of structural equation modelling (SEM) approach, such as par-
tial least squares structural equation modelling (PLS-SEM), is required.
The PLS-SEM path modelling technique has been used for modelling
causal relationships related to user satisfaction or acceptance, such as
the Customer Satisfaction Index (CSI),23–25 Delone and McLean Infor-
mation Systems Success (D&M IS),26,27 Technology Acceptance Model
(TAM),28 and other similar intentions.29 The authors have used PLS-
SEM for modelling the relationships between qualities elicited by the
UVON method.30

The PLS-SEM path structure consists of a series of constructs, or
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latent variables, unidirectionally connected. It is assumed that the con-
structs cannot be measured directly—that is why they are called latent—
but each one reflects or manifests itself through a set of other measurable
variables which are called measure or manifest variables.

The Evaluation Aspects Elicitation component (see Figure 12.2), applies
the UVON method to suggest the constructs and their associated mani-
fest variables to be included in the path model. This suggestion is in the
form of two layers of qualities, whereby each quality in the first layer is
associated with one or more specific qualities in the second layer. The
suggestion input is labelled Qualities in Two Levels: UVON Suggested
Constructs & Manifests in Figure 12.4.

Conversely, a correlation matrix can help to explore relationships fur-
ther31 or confirm the UVON suggested ones. The correlation matrix is
calculated for qualities found in the questionnaire created by the Evalu-
ation Aspects Elicitation component and surveyed by the User Survey
component. Note that these qualities are the same as the qualities in
the second layer of the Qualities in Two Levels: UVON Suggested Con-
structs & Manifests. It is expected that qualities that associate with the
same quality in the first layer show a higher correlation between each
other. Optionally, the correlation matrix can be rearranged, for example
by the angular order of the eigenvectors (AOE) method, for the better
visualisation of possible groupings.32

The final output of this step is the Suggested Constructs & Manifests
that must be combined with a path structure type.

A pool of path model archetypes helps to consider the path structure.
The relevant and well-studied models for success, user acceptance, or
user satisfaction, such as TAM,33,34 Extended Technology Acceptance
Model (TAM2),35 UnifiedTheory ofAcceptance andUse of Technology
(UTAUT),36 CSI,23 American Customer Satisfaction Index (ACSI),24

European Customer Satisfaction Index (ECSI),37 and D&M IS38–40 can
be considered archetypes from which the path structure is adopted par-
tially or to the full extent. Choosing a path structure type depends on
what qualities are measured, what constructs have been suggested by the
UVONmethod, and how the constructs can bematched to an archetype.

Now, the previous output, the Suggested Constructs & Manifests, can
be mapped to a chosen path structure archetype and create the path
model.
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After determining the structure, the path model relationships should
be estimated, for example by using PLS-SEM, investigated, and validated.
In this step, various conditions are checked: if the model can describe or
predict an acceptable amount of variations in the satisfaction variable
by quality variables, that means the model’s coefficient of determina-
tion 𝑅2 is in an acceptable range for social science; if the significance
of relationships, such as the p-values, is enough; if the constructs vary
sufficiently from each other, considering the manifests assigned to them
—this discriminant analysis can be done by a method such as heterotrait-
monotrait (HTMT);41 if the manifests of each construct are measuring
the same thing, by running internal consistency composite reliability
(CR) and convergence validity average variance extracted (AVE) meth-
ods;42,43 finally, if there is good overall fitness, by calculating indices such
as Goodness of Fit44 and the standardised root mean square residual
(SRMR).45 This process can improve results if the validation indicators
are not satisfactory by examining limited tweakings in the construct-
manifest sets or the path structure.

12.4.4 Determining Metric Alternatives of Manifests

The next component of the system, Alternative Metrics Replacement
(see Figure 12.5), enables the continuous evaluation and dynamic analysis
feature by substituting user-requested quality indicators in the bench-
markmodel with their equivalent automatically measurable metrics. Au-
tomated metrics, in this sense, are types of indicators that are supposed
to reflect the implicit attitude of users, unlike the explicit expression of
attitudes in an instrument such as a questionnaire. Considering each
quality is represented by amanifest variable in the benchmarkmodel, the
substitution process must find a highly correlated replacement metric or
set of metrics for each manifest. Nevertheless, the replacement process
should maintain a similar or acceptable range of validation and fitness
values. Notably, collecting candidate correlative automated metrics is
only facilitated by the system and cannot be fully-automated. There
should be a human judgment about the real relationship between the
correlative automated metrics and the original user opinions about a
quality; otherwise, spurious correlations might be introduced into the
model.

After performing the substitutions in the model, the coefficients and
loading of the path model are calculated again, and the model becomes



design of a semi-automated and continuous evaluation system 279

Pool of Automated Metrics

for each/the manifest:
train a proxy indicator 

using the metrics

for each manifest: collect 
candidate corrolative metrics

test the model with new
alternative(s), update the 

model if a beer error measure

Intermediate Model

represent the model as final

Benchmark Model Is Ready

estionnaire Result

Benchmark Model

Final Model

New Automated 
Metric

Figure 12.5: Alternative Met-
rics Replacement component:
Attempts to replace user-
requested quality indicators
with the equivalent automated
metrics.



280 Evaluating Success Factors of Health Information Systems

46: Hupert 2013

:why one cannot directly use
the implicit automated metrics

:process, collect the candidate
correlative automated metrics

ready to be utilised for the continuous evaluation or prediction of the
outcome variables, such as user acceptance or satisfaction. The system
can also evolve and adapt to a new situation by introducing new auto-
mated metrics, retiring less-efficient automated metrics, or changing the
whole structure of the path model. This evolving and dynamic adaption
enables the evaluator to dynamically analyse and evaluate the system, de-
spite changes in data sources. This possibility is what we call the dynamic
analytics feature of the evaluation system.46

There is a rationale behind the approach of replacing user-requested
manifest variables with automated metrics. Using automated metrics
directly instead of manifest variables can be challenging, more prone to
mistakes, and less verifiable for authenticity. Themanifests in our system
originated from stakeholders and users themselves or a tested evaluation
framework; therefore, their semantic relationships are sound. Moreover,
in theBenchmark Path Model component, those relationships have been
explored by inspecting the correlationmatrix and validated by calculating
various relevant indices. However, automated metrics are rooted in
what we can measure by assessing sources such as the logs of the health
information system, the logs of other connected systems, and sensors
and other environmental data. The relationship of automatedmetrics to
the constructs and their manifestation should be established and proven.
Therefore, instead of directly introducing arbitrary automated metrics
into the pathmodel, we try substituting user-requested qualitymanifests
with a set of automated metrics that show similarity and correlation in
their behaviour.

The Benchmark Model is Ready event starts this component, and the
New Automated Metrics event restarts it for another round of func-
tioning. A first requirement for the component’s functioning is the
availability of the Pool of Automated Metrics (see Figure 12.5). The Pool
of Automated Metrics is a collection of measured automated metrics. In
other words, it is a log file containing different measurable automated
metrics collected from users and stored as a time series of data points.
An example of such automated metrics can be the daily duration of
each user’s utilising the subject system. The pool contains both basic
and compound automated metrics, where the compound automated
metrics are not directly collected but calculated from basic ones. Each
metric is associated with a catalogue that enlists the basic metrics used in
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:calculating the proxy
indicator

the compound one. This catalogue helps to avoid collinearity or multi-
collinearity problems when a set of metrics might need to be combined.

In the next step, for each manifest variable, the evaluator interacts with
the system to select a set of metrics from the pool that together can rep-
resent a proxy indicator as an alternative to the manifest. If the evaluator
finds an automated metric or a combination that seems to match a mani-
fest, probably with a high correlation ratio, the metric can be considered
a predictor of the manifest. For example, one might find the number
of logins by users is a good metric to represent the acceptance of the
system and there is a considerably high correlation between the metric
and questionnaire-based responses to system acceptance. To extend the
example, onemight discover the number of logins is not a good indicator
for acceptance, because users log into the system for theminimal usage of
a specific minor feature, or they just try to find their way around in des-
peration. A better metric, that is more correlated with the user-declared
acceptance, might be the number of logins that the user has spent more
than a specific amount of time in the system. In any case, the metric
not only should be semantically related to the user-requested quality
indicator, but also it should show a high degree of correlation with the
manifest variable and does not considerably deteriorate the whole model
validation or fitness indices. When it is not possible to find a replacement
in the automated metrics for a user-requested manifest indicator, the
indicator can be replaced with the average value of the variable. This is a
partial compromise on the continuous evaluation and dynamic analysis
features for the sake of the validity of the whole evaluation system.

The relationship between a user-requested quality indicator, that is
a manifest variable, and its corresponding automated metrics can be
considered a classification problem. The proxy indicator is estimated
from a metric or set of metrics, and it replaces and represents a manifest,
though with a residual. The survey result data type is usually ordinal,
like a Likert scale, while automated metrics can be any type. The general
formulation of the classification can be that a set of covariates of any type
predict an ordinal variable. We intentionally avoid calling the covariate
an independent or explanatory variable, because in our case, the causal
relationship is usually reversed. Methods of statistical learning or ma-
chine learning can be used to estimate a user-requested quality indicator.
The estimated variable is the proxy indicator that replaces the estimated
user-requested quality manifest if it can maintain the validity and fitness



282 Evaluating Success Factors of Health Information Systems
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47: FI-STAR Consortium
2014

48: Publications Office of the
European Union 2016

49: Kidholm et al. 2012

constraints of the whole model.
There is a combinatory set of different replacements, and each replace-

ment of a manifest variable with its proxy variable counterpart results in
a new candidate intermediatemodel. All the candidatemodels should be
verified, and their fitness indices calculated. The final model is decided
by the fitness of the model and the number of manifest replacements by
proxies.

The design above makes continuous evaluation and dynamic analytics
possible. The continuous evaluation becomes possible by minimising
the need to request users to provide their attitudes about different aspects
of the health information system, instead of relying on automatically and
continuously measured metrics. In addition, being able to re-estimate
the relationships in the pathmodel enables an evaluator to recruit new au-
tomated metrics, retire less efficient ones, or change the whole structure
of the path model dynamically.

12.5 Demonstration and Results

Parts of the solution provided in the Section 12.4 already have been
implemented in the evaluation of the Future Internet Social and Techno-
logical Alignment Research (FI-STAR) project and the authors’ studies
based on that. The FI-STARproject was funded by the EuropeanUnion
(EU); seven e-health applications were developed using the Future Inter-
net WARE (FIWARE) platform across seven EU member states.47,48

Like the Evaluation Aspect Elicitation component (see Figure 12.2),
theUVONmethodwas applied in the FI-STARproject.16 At first, the re-
quirement engineering activities at the beginning of the FI-STARproject
specified a set of qualities. Users of the e-health applications requested
these qualities and expected them to be improved as the outcome of
using those applications. Then, the UVON method created two ques-
tionnaires, for patients and health professionals, based on those qualities
and the evaluation aspects specified in the Model for ASsessment of
Telemedicine applications (MAST) framework.49 After the implemen-
tation and deployment of the e-health applications, patient and health
professional users were asked to fill in the questionnaire. In the design
proposed in this study, the User Survey component was assigned for
running the survey (see Figure 12.3), regarding the requirement of being
able to rerun surveys when updated data on user attitudes is needed.
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The result of the survey was then used in another study to find the
most influential qualities in creating satisfaction.30 The study used both
the correlation matrix and path modelling approach utilising PLS-SEM,
similar to Benchmark Path Model component in Figure 12.4. Simi-
larly, in that study, the relationship between influential qualities and
satisfaction is quantified by the PLS-SEM method.

12.6 Evaluation and Discussion

From the evaluation of the design perspective, some components’ parts
and their embedded mechanisms of the proposed design are already
validated. For components 1 and 2 (Figures 12.2 and 12.3), the elicited
evaluation aspects and the result questionnaire, resulted from apply-
ing the UVON method in the FI-STAR project, were validated by case
owners and users (patients and health professionals).16 Furthermore,
the discriminatory and reliability validations from PLS-SEM models in
another study30 confirmed that again. The same study also validated
the method of creating a benchmark path model, which was used in
component 3 (Figure 12.4). Component 4 (Figure 12.5) comes with
novel approaches that need to be assessed in a real-world testbed.

The design presented in this study automates major tasks in a typical
evaluation endeavour. These automations also enable some of those
tasks to run continuously. There are also features, such as handling
the heterogeneity of subject systems or the dynamic evolvement of the
evaluation model, which are not usually or easily available in typical
evaluations. A summary of the provided features, their enhancement as
automated or continuous, and the major implementing components of
each feature is represented in Table 12.1.

12.7 Conclusion

Weprovided the design of a system thatminimises the burden of human
agents, evaluators, and respondents in a survey-based evaluation. This
reduction in the burden mostly happens through the semi-automation
of specific tasks: finding out what to evaluate, creating a questionnaire
based on those findings, implementing the survey, modelling the rela-
tionship between evaluation aspects, and evolving the model to decrease
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Table 12.1: Summary of automation and continuity features embedded in the design.

Requirement Automation Continuity Componentsb

Fu
ll

Se
m

i

N
on

e

Fu
ll

Se
m

i

N
on

e

1 2 3 4

First levela

To know: If the users are satisfied with the
system

● ● +2 +4

The system continuously checks user satisfaction. In the
component 2, it is asked directly, and in component
4, it is monitored by assessing automated metrics that
predict satisfaction. A limitation is when users change their
preference and qualities no longer predict their satisfaction.

To know: Which impact qualities are
considered important, by users or domain
experts

◑ ◑ +1 +4

Using the UVON method, one still needs to decide the
categorization of each quality. The design does not
propose new important impact qualities but can detect if
satisfaction is not in sync with quality indicators or new
demanded qualities appear in text analysis.

To know: Which impact qualities are
common amongst a set of heterogeneous
systems (least common denominators)

◑ ◑ +1 +4

The UVON method finds the least common denominator
(also called commonalities) of impact qualities. However,
one must decide the categorisation of each quality. A text
analytics approach might fully automate the process.

continued on the next page.
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Table 12.1 – continued from the previous page

Requirement Automation Continuity Componentsb

Fu
ll

Se
m

i

N
on

e

Fu
ll

Se
m

i

N
on

e

1 2 3 4

To know: Which qualities of the impact cre-
ate the most user satisfaction (comparable)

◑ ○ +3

This relies on using the UVON method and deciding the
general structure of the model. Hence, it is semi-automated.
However, once the most influential qualities are discovered,
they are not being rediscovered continuously. The designed
system can detect if satisfaction is not in sync with quality
indicators or new demanded qualities appear in text analysis.

To know: How the users evaluate each
impact quality that creates user satisfaction

● ● +2 +4

Component 2 collects users’ attitude about each quality.
Component 4 replaces it with metrics that are collected
continuously and automatically.

Integrating a new case into previous evalua-
tion cases (being dynamic)

◑ ◑ +1

New cases might be introduced to the system, and the system
adapts its output regarding its new findings. However, the
UVON method and survey need to be rerun, which necessi-
tates evaluators and users’ involvement.

Second levela

Creating the questionnaire ◑ +1

Running the survey ● +2

continued on the next page.
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Table 12.1 – continued from the previous page

Requirement Automation Continuity Componentsb

Fu
ll

Se
m

i

N
on

e

Fu
ll

Se
m

i

N
on

e

1 2 3 4

To know: Which qualities can be considered
construct variables, and which can be
manifests to those constructs in a path
model?

● ● +1 +3

In component 1, the UVON method structures the qualities
as a hierarchy in the output ontology. The selected layer for
creating a questionnaire provides constructs, and the child
nodes, if they exist, provide manifest variables.

Creating a path model involving user
satisfaction and impact qualities

◑ +3

Replacing the need for users’ explicit expres-
sion of attitudes with implicit indicators
(automated metrics)

◑ +4

a First-level requirements are supposed to directly refer to the needs of a typical evaluation. The first-level requirements
are contingent on second-level requirements, due to the design. Hence, with a different design, another set of
requirements might appear in the second level. The feature of continuity might be non-applicable for some of the
second-level requirements.

b While the components of a higher number depend on the previous ones, here, we only mention the components
which contribute more directly in satisfying the requirement.
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its dependence on the indicators that need the intentional interaction of
a human agent.

Beyondminimising the need for a human burden, the design provides
another set of features. The component that determineswhat to evaluate
can perform its function even for a heterogeneous set of systems. The
proposed system can run evaluation continuously or very frequently.
In other words, the designed evaluation system enables the real-time
monitoring of users’ attitudes about the impact of the subject system.
As a secondary effect of relying on implicit indicators, the evaluation
system can be improved and adapted to the changes in the environment
by choosing a different set of those indicators, without interrupting the
workflow and involving the users in this change. The proposed design
tries to find the optimal point between objectivity and subjectivity in
evaluation. It begins with subjective —but more holistic— indicators,
that is the set of user attitudes; and it tries to replace objective indicators
as much as it does not disturb the whole balance between the indicators.
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PART III

Appendices





A
Questionnaire for the Patients in FI-STAR

1. pa.general.sat.1: How satisfied are you with the application’s health
care output in its entirety?

2. pa.general.sat.2: How well the application fulfills your expectations
in health care delivery?

3. pa.general.sat.3: Imagine a perfect application in all aspects of health
care delivery. How far away from that is the application you are using
today?

4. pa.adherability:Adhereability:: The application increased my motiva-
tion for the treatments

5. pa.affordability: Affordability:: The health care service delivered
through the application is more affordable or decrease expenditures,
comparing with other alternatives.

6. Efficiency If you have experienced the same treatment before, would
you say that the application has increased efficiency by reducing:

a. pa.efficiency.1: Complexity or number of tasks
b. pa.efficiency.2: Number of reworks
c. pa.efficiency.3: Time consumed

7. Effectiveness The application has increased effectiveness, especially by
improving at least one of these items:

a. pa.effectiveness.1: Less mistakes
b. pa.effectiveness.2: Readiness or promptness for different situations
c. pa.effectiveness.3: More personalized treatment
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8. pa.empowerment.3: Empowerment The application empowers me
by increasingmy knowledge about the situation or general knowledge
about the disease.

9. Safety

a. pa.safety.1: I felt safe when using the application.
b. pa.safety.2: The application provides correct information without

any mislead or confusion.
c. pa.safety.3: I felt that the application helped me to minimize possi-

ble harms during the usage.

10. pa.trustability: Trustability I felt that I can trust the application for
my privacy and my information.



B
Questionnaire for the Health Professionals in
FI-STAR

1. pr.general.sat.1: How satisfied are you with the application’s health
care output in its entirety?

2. pr.general.sat.2: How well the application fulfills your expectations
in health care delivery?

3. pr.general.sat.3: Imagine a perfect application in all aspects of health
care delivery. How far away from that is the application you are using
today?

4. pr.accessibility: Accessibility The application is easily accessible for
different groups of users

5. pr.adhereability: Adhereability The application helps patients to
more adherence by some sort of motivators (i.e. being a member of a
community)

6. pr.affordability: AffordabilityThehealth care service delivered through
the application is more affordable or decrease expenditures, compar-
ing with other alternatives.

7. pr.availability: Availability The service which is provided by the ap-
plication, is available on demand

8. Efficiency The application has increased efficiency by reducing

a. pr.efficiency.1: Complexity or number of tasks

b. pr.efficiency.2: Number of reworks



c. pr.efficiency.3: Time consumed

9. Effectiveness: The application has increased effectiveness, especially
by improving at least one of these items:

a. pr.effectiveness.1: Less mistakes
b. pr.effectiveness.2: Readiness or promptness for different situations
c. pr.effectiveness.3: More knowledge and evidences
d. pr.effectiveness.4: More personalized treatment

10. Empowerment

a. pr.empowerment.1: The application empowers the patient by
increasing their knowledge about their situation or general knowl-
edge about the disease.

b. pr.empowerment.2: The application empowers the medical per-
sonnel by increasing their knowledge about the patient situation
or general knowledge about the disease.

11. Safety

a. pr.safety.1: It is safe for the patients to use the application without
any possibility of disability, morbidity, or mortality harm.

b. pr.safety.2: It is safe for themedical personnel to use the application
without any possibility of disability, morbidity, or mortality harm.

c. pr.safety.3: The application provides correct information without
any mislead or confusion.

d. pr.safety.4: The application provides enough information on how
to minimize possible harms during the usage

e. pr.safety.5: If the application fails, and if the failure causes any
harm, then the harm would be minor as it would be non-severe,
rarely happening, or happening for a very short duration.

f. pr.safety.6: The application improves health care safety by detect-
ing emergency situations, unsafe behaviors or glitches in the pro-
cess.

12. pr.trustability.1: Trustability The application attains trust of patients
(for example by ensuring privacy of their information or being non-
invasive in its interaction with them)
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End Notes

I. For preparation of this dissertation various open source softwares were used. The text
of this book is authored in Asciidoc, a human-readable document format. Then
it is converted from Asciidoc, through a tool-chain called Asciimint, into
typesetting and presentation formats in Latex (luatex). Shahryar Eivazzadeh
developed Asciimint, by using or combining several open-source software ap-
plications, including but not limited to Asciidoctor, Nodejs, Dblatex,
and several Latex packages (>160), including but not limited to tufte-book and
biblatex. Data analysis and visualizations were performed mostly in R and its
libraries, including but not limited to the tidyverse collection. Other illustra-
tions have been made using Inkscape or tikz. Open source fonts were used, EB
Garamond for text and Linux Biolinum for illustrations. Styles of visualiza-
tions and typography are inspired by E.R. Tufte’s works. Many of technical questions
were already answered, or found new answers, by the users of theStackexchange.
com community.

II. The opening of The Elephant in the Dark Room story in Masnavi by Rumi (1207–1273).

III. Discourse of Shams Tabrizi by Shams Tabrizi (1185–1248).

IV. In Swedish, kappa means the garment that covers head,1 where in the academic envi-
ronments of some Nordic countries, it means the introductory part to a dissertation,
wrapping the papers in next parts. It is originally from late Latin cappa ”a cape, hooded
cloak”.2 It is a cognate with Middle Persian (Pahlavi) kabāh ”garment, cloak”3 and
Modern Persian qabāh (as in the cited poem from Rumi), ultimately from Proto-Indo-
European (s)kep- ”to split, cut”.2

V. The icons used in the figrure are designed by the United Nations Office for the Coordi-
nation of Humanitarian Affairs (UN-OCHA) and belong to public domain.4
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Health information systems are our technolog-
ical response to the growing demand for health 
care. However, their success in their mission can 
be challenging due to the complexity of evaluat-
ing technological interventions in health care. In 
the series of studies compiled in this dissertation, 
we looked at the evaluation of these systems. The 
dissertation is focused on the evaluation of factors 
that lead to success, where success is indicated by 
user satisfaction and can be induced by both inter-
vention-specific and individual-specific factors.

Study 1 developed a method, called UVON, to 
elicit and organise the user-demanded qualities in 
the outcomes of the health information system in-
tervention. Through the application of the UVON 
method in the FI-STAR project, an EU project 
which developed and deployed seven e-health ap-
plications in seven member countries, ten catego-
ries of quality and their subcategories were iden-
tified. These qualities formed two questionnaires, 
specific to the patient and health professional us-
ers. Through the questionnaires, the patients and 
health-professionals users evaluated and graded 
both the occurrence of those demanded qualities 
in the project outcomes and their general satis-
faction.

Study 2 analysed the survey results to find out 
which of those ten qualities have the highest im-
pact on satisfaction or can predict it better. Two 
partial least squares structural equation model-
ling (PLS-SEM) models were constructed, for the 
patient and health professionals, based on the 
Unified eValuation using ONtology (UVON) and 
survey outputs. The models showed that effective-
ness is an important quality in creating satisfaction 
for both user groups. Besides, affordability for the 
health professionals and efficiency plus safety for 

the patients were the most influential. A satisfac-
tion index is also introduced for simple and fast 
inferring of the changes in the outcome qualities.

Study 5 recruited outputs and learnings from stud-
ies 1 and 2 to design a system that partially auto-
mates the process of evaluating success factors in 
health information systems, making it continuous 
and real-time, and replacing hard-to-run surveys 
with automatically captured indicators and analyt-
ics.

Study 3 focused on individual-specific factors in 
using health information systems, particularly the 
technophilia personality trait. A short six-items 
instrument, called TechPH, was designed to meas-
ure technophilia in users, tuned for older users. 
The study recruited empirical data from the Swed-
ish National Study on Aging and Care (SNAC) 
project. Two factors, labelled techAnxiety and 
techEnthusiams, are identified by the factor analy-
sis method. A TechPH score was introduced as a 
scalar measurement of technophilia.

Study 4 elicited and discussed the ethical challeng-
es of evaluating and researching health information 
systems. Both a scoping review and a novel sys-
tematic postulation approach were recruited to 
identify twenty ethical challenges. The identified 
ethical challenges were discussed and mapped into 
a three-dimensional space of evaluation stages, 
demanded qualities, and major involving entities 
(stakeholder and artefacts), which fosters further 
postulation of ethical challenges.
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