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Abstract. Innovative healthcare services and technologies show great promises
for reducing individual and societal burdens, but predominantly fail to attract
suﬃcient end user acceptance and usage. This renders the aspect of technology
adoption as key weakness of most health technology development endeavors, but
also as most promising area for implementing changes that can dramatically
increase the likelihood of project success. The purpose of this paper is to discuss
some core assumptions of a user-centered process framework for technology
adoption that addresses three major weaknesses of many current adoption models:
First, the inadequate consideration of the process character of health technology
adoptions. Second, the restricted view of human motivation, information
processing, and behavior as being primarily rational and utilitarian in nature. And
third, the insuﬃcient attention to situational and social inﬂuences, and the role of
individual diﬀerences. Theoretical, methodological, user inclusion-related and
communication-related implications of the proposed prespective changes are
discussed.
Keywords: Health technology · Adoption · Acceptance · Theory · User
participation

1

Introduction

Understanding the adoption and acceptance of health technologies is crucial for opti‐
mizing design choices, application selections, and educational as well as marketing
strategies. Adoption, acceptance, and sustained use are essential for achieving the core
aims of health technology development such as reducing individual burdens, increasing
physical and psychological well-being, facilitating healthy aging in familiar places,
ensuring social participation, and minimizing demands on health care systems. Yet, most
technological innovations fail to attract suﬃcient levels of end user acceptance and usage
[1, 2]. This renders the aspect of technology adoption as key weakness of most health
technology development endeavors, but also as most promising area for implementing
changes that can dramatically increase the likelihood of project success. Several
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technology adoption models have been proposed (e.g., Theory of Planned Behaviour
(TPB), Theory of Interpersonal Behaviour (TIB), Technology Acceptance Model
(TAM), Uniﬁed Theory of Acceptance and Use of Technology (UTAUT) [3]). We argue
that a better understanding of individuals, of the process of technology adoption, and of
factors driving individuals’ preferences and behaviors can greatly enhance the chances
for meaningful user inclusion and technology adoption. Several building blocks for
revised and more comprehensive models of technology acceptance are presented below,
followed by a discussion of their implication for user inclusion, eﬀectiveness evalua‐
tions, and dissemination activities.

2

Building Blocks for a Reﬁned Understanding of Adoption

Acceptance describes a highly subjective positive attitude of an individual towards a
technological innovation and towards its potential or actual use. It consists of several
dynamic psycho-social processes within an individual. Acceptance can thus be under‐
stood as the result of a complex decision-making process involving cognitive and aﬀec‐
tive appraisal processes, which is also substantially aﬀected by social and situational
inﬂuences [4]. Our impression is that several technology acceptance models (e.g., TAM,
UTAUT) fall short of adequately mirroring this dynamic and multi-determined process.
Three major weaknesses were identiﬁed and are discussed below in more detail: First,
the inadequate consideration of the process character of health technology adoptions.
Second, the restricted view of human motivation, information processing, and behavior
as being primarily rational and utilitarian in nature. And third, the insuﬃcient attention
to situational and social inﬂuences, and the role of individual diﬀerences.
2.1 Stages of Health Technology Adoption
It is rather rare that developers and designers are capable of creating a health technology
product so attractive that it triggers automatic impulse purchases. Instead, technology
adoption typically occurs in distinct stages, which are characterized by diﬀerent knowl‐
edge, motivation, and informational demands. Several stage models have been proposed
[e.g., 5, 6]. For the purpose of our discussion, it seems fruitful to distinguish at least
seven stages: (1) Not being aware of an innovation, (2) forming an opinion about it, (3)
intending to try or to use it, (4) initial use, (5) purchase (if applicable), (6) sustained use,
and (7) stopped use or disengagement. Ideally, an individual passes through the stages
one to six. The seventh stage is usually only desirable if the objective of technology use
was attained (e.g., after full recovery).
If one accepts that technology acceptance and adoption occur in a dynamic process
consisting of distinct phases, three implications become evident. First, on the individual
level, each phase is characterized by diﬀerent set of aﬀective, cognitive, and behaviorrelated processes and motivations that require consideration. Second, the type and
impact of situational and social inﬂuences can also vary greatly in each phase. Third, as
a result, each phase requires a distinct and phase-speciﬁc (i.e., tailored) communication
approach in order to foster or maintain adoption. A comprehensive model of health
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technology adoption should therefore incorporate adoption phases, and specify adop‐
tion-fostering as well as inhibiting factors for each phase.
2.2 Underlying Views of Human Functioning
At least implicitly, many theoretical and empirical approaches towards technology
adoption presume that humans are rational utilitarian beings who make decisions based
on rational information processing, and who are capable of relatively accurately
predicting future behaviors. Yet, research indicates that a large portion of humans’
attention allocation, information processing, learning, attitude formation, mood states,
and behavioral responses are initiated outside individuals’ awareness [7]. From this
perspective, it is not surprising that individuals typically have little insights into their
higher-order cognitive processes, and that they may be unaware of occurring attitude
and behavior changes as well as the stimuli that caused them [8]. In contrast, we presume
everyday user behavior to be considerably driven by emotions such as anxiety, excite‐
ment, or hope, and furthermore by unconscious motivations that may have an evolu‐
tionary foundation [e.g., 9]. It is also worth noting that individuals’ attention allocation
and information processing is usually strongly biased, particularly when they are
confronted with threatening information such as health-related information. These
perceived physical or ego threats are likely to produce defensive motivations [10, 11],
which are a very plausible explanation for individuals’ notable avoidance of health
technology interventions, and also for the substantial gap between individuals’ selfreported intentions and behaviors (e.g., [12]).
It appears self-evident that a more accurate understanding of humans that integrates
unconscious and conscious modes of thinking, experiencing, and motivation can greatly
advance the development of technologies that are perceived as valuable by their target
groups. Such an understanding should also facilitate more meaningful ways of user
inclusion and more valid user acceptance testing. For further discussion, we distinguish
three classes of adoption-relevant inﬂuences: individual-related factors, social and
environment-related factors, and technology-related factors. These factors are highly
interrelated and aﬀect each other in dynamic and reciprocal ways. Yet, for the purpose
of an organized discussion, it seems helpful to address these aspects ﬁrst separately
before discussing how they can be integrated in a more comprehensive framework of
health technology adoption.
2.3 Individual Factors
Individual factors are as manifold as individuals are, and can be described on several
levels. For understanding technology adoption, it seems useful to distinguish, on a very
basic level, factors that motivate approach behavior (e.g., information seeking, tryouts)
from those that trigger avoidance behavior (e.g., information avoidance, negative
emotional and behavioral reactions, disengagement). Both behavioral impulses are
strongly linked to positive respective negative aﬀect. They are initiated by separate
neural systems that react to rewarding respective aversive stimuli, and were termed
behavioral activation system (BAS) and behavioral inhibition system (BIS) by Gray [13].
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As both systems operate in parallel and can be triggered simultaneously by the same
information, it seems valuable to clearly distinguish between adoption-facilitating (i.e.,
BAS-activating) and rejection-inhibiting (i.e., BIS-deactivating) factors. Evidently,
development processes should aim for maximizing adoption-facilitating cues while
simultaneously reducing rejection-facilitating triggers. This, however, requires a
profound knowledge about the target group. Some factors that are deemed to be partic‐
ularly inﬂuential are discussed below.
2.3.1 Motivation
Motivation is an important aspect of humans’ interaction with technologies, but so far
neither included in technology acceptance models nor systematically integrated in tech‐
nology design [14]. Motivation-based technology design facilitates a sustained and
enjoyable user acceptance by avoiding triggers for disengagement. Motivational eﬀects
are well deﬁned in psychology, and just recently received greater attention in the context
of health technology use [15]. It also seems overdue to have a closer look at health
behavior models beyond the theory Theory of Planned Behavior (TPB: [16]). Parallelresponse models (e.g., [17]), stage models (e.g., [18–20]), and approaches from positive
psychology (e.g., [21]) oﬀer valuable additional insights into the wealth of factors that
drive human decisions and behaviors. Finally, modern evidence-based marketing
approaches are a valuable resource to understand why awareness for innovations is crit‐
ical, how it can be achieved, and which product communication strategies are actually
motivating [22].
2.3.2 Knowledge and Literacy
Informing individuals about technological innovations is far from being simple or
straightforward, but requires educative approaches that ﬁt both the speciﬁc adoption
phase and the individual (e.g., [23]). Not only do target groups regularly have little
technology- and health-related foreknowledge, also access to information can be an
issue. The term “digital divide” describes the paradox that the increase of available
digital technologies and information can increase existing gaps in knowledge between
diﬀerent socio-economic groups instead of reducing them [24]. Yet, the use of healthrelated information and communication technologies requires appropriate knowledge,
experience, and user competences, and therefore likely knowledge about eﬀective moti‐
vating education strategies. Adequate ways of informing people about health-related
information, and for empowering individuals to make adequate health-related decisions,
can be also derived from the “shared decision-making” (SDM) literature [25].
2.3.3 Emotional Processes and Risk Perception
Human behavior is to a large extent driven by emotions, especially in the context of health
applications. While it seems intuitively plausible to assume that individuals should be inter‐
ested in health-related information and solution, especially those that may help them to
maintain or improve their health status, it is not unlikely to observe avoidance behavior
instead [26]. Attempts to inform about relevant health threats may result in worsened health
behavior (boomerang effect: [27]) and reactance [28]. It is also rather the rule than the
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exception that people have very distorted risk perceptions [29], and that they tend to down‐
play their vulnerability to health threats (e.g., [17]). Such defense mechanisms are reactions
towards threatening thoughts about sickness and death, and help individuals to maintain
their self-esteem [11]. It is important to note that these mechanisms tend to prioritize ego
threats over physical threats. Or, put differently, that individuals are not unlikely to risk
physical health problems in order to maintain high levels of self-esteem. Drastic warnings
(i.e., fear appeals) are therefore not unlikely to further increase defensive reactions, including
boomerang effects [17]. Positive emotions, in contrast, may help to encourage the nondefensive processing of risk-related information [30]. It is important to understand these –
occasionally unintuitive – effects, the complexity of emotional reactions, and individuals’
priorities for emotion regulation. It is also worth noting that the interplay between positive
or negative affect and health is complex, and that subjective well-being includes way more
dimensions than just affect (e.g., [31]). To sum up, when developing health technologies, it
is not just sufficient to make sure that approach impulses outweigh avoidance triggers.
Developers should also be aware of the critically roles that emotions play when being
confronted with topics such as sickness and death, and need to carefully implement this
knowledge in the innovation design process and in innovation-related communication.
2.3.4 Individual Diﬀerences
It is obvious, that individuals diﬀer greatly from each other, and that such diﬀerences
can have profound inﬂuences on their decisions to adopt a technological innovation.
Demographic diﬀerence such as sex, age, education, and income are partly incorporated
in existing technology adoption frameworks (e.g., [32]). Yet, psychologists distinguish
hundreds of personality traits, and it is still largely unclear which of them are most
inﬂuential when it comes to health technology adoption. Diﬀerent sensitivities for
rewarding and aversive stimuli, which are linked to BAS and BIS activity (e.g., [33]),
might be one reason why individuals react diﬀerently towards health technology inno‐
vations. Openness for new experience, dispositional anxiety, sensation seeking, and
many more are similarly likely to underlie individuals’ interactions with new technology
(e.g., [34, 35]). It should be noted that the knowledge about relevant personality char‐
acteristics is not only important to develop attractive health technology solutions, but
also critical when deciding how to communicate the intervention to diﬀerent target
groups (e.g., [36]).
2.4 Social and Situational Factors
Social, organizational and situations factors likewise play an important role for tech‐
nology adoption. They provide information about the beneﬁts and diﬃculties of inno‐
vations, signal social validation or sanctioning, and exhibit various further supporting
or inhibiting inﬂuences. Several social aspects surrounding technological innovation are
discussed in the literature as factors for increasing the chances of adoption. These
include, among others, dimensions of social support und social networks, organizational
factors, cultural inﬂuences, laws and regulations, and situational triggers.
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2.4.1 Social Network
Social networks provide friendship, advice, communication, and support among
members of social systems. They create trust, reduce uncertainty, and mitigate the
information ambiguity. The inﬂuence of personal and peer attitudes towards innovations
such as colleagues of friends is considered in several health technology adoption models
[37]. The family is one of the central reference points for patients in the adoption of
health technologies [38]. Relevant factors are expected support within the social network
or implications of technology adoption for family life. Just as important is the perceived
attitude of the physician, especially when family networks are missing, when patients
are older, or if high degrees of physical impairment exist. It can be concluded that the
perceived beneﬁts of adopting technology are higher if many adopters already exist in
a social network, due to increased information ﬂow, support, and similarity of beliefs
[39]. The inﬂuence of social networks also depends greatly on the perceived competence
of the user [38].
2.4.2 Organizational Factors
It is increasingly accepted that the diﬀusion of technology within complex organiza‐
tional systems such as, for example, companies or healthcare organizations, is not a
linear process. This is in part due to the large human, organizational, and ﬁnancial capital
involved, but also the result of complex management structures with diﬀerent hierarchies
and regulations. Individuals act and decides within this organizational framework.
Perceptions of organizational complexity, competitive pressure, control beliefs, partic‐
ipation and perceived behavioral control, the image of innovations within the organi‐
zational subsystems (e.g., close colleague) or the perceived organizational readiness for
change play a decisive role in the adoption of new health technologies within organi‐
zational structures [40–42]. Furthermore, organizational leadership is a crucial factor of
technology adoption. Organizational leaders who possess digital skills and have prior
experience with health technology are likely to develop a vision that comprises a longterm commitment to technology use [43]. Economic concerns about the implementation
of health care technologies also play a major role (e.g., [44]), for example fear of high
cost, increased administrative burden, modest cost-beneﬁt ratios, accountability and
available ﬁnancing options (e.g., through health insurance). All in all, organizational
inﬂuences on technology adoption are manifold and deserve a stronger consideration in
health technology adoption models.
2.4.3 Cultural Determinants
Cultural patterns are shared within a social environment such as nation, ethnicity or
profession. Present models of health technology acceptance, however, largely disregard
norms and values shared within a culture. Stable patterns of thinking, feeling and poten‐
tial acting strongly vary within national and professional cultures [45]. Cultural patterns
like individualism (vs. collectivism), uncertainty avoidance, masculinity (vs. femi‐
ninity) or long-term orientation [46] are not unlikely to aﬀect individuals’ adoption
decisions. In addition to direct links between culture and the adoption of health tech‐
nologies (e.g., language), culturally shaped behavioral preferences could aﬀect the
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process in diverse ways. From a physician’s point of view, socialized professional values
(e.g., the helpful nature of medical professionals, or fears of “dehumanized” care) can
have an impact on the perception of performance and eﬀort expectations of health tech‐
nologies [47]. The socialization within a speciﬁc culture determines relationship to
technology as well as to medicine. Culture also shapes our understanding of how we
can aﬀect health [48]. Consequently, questions of cultural views and norms deserve a
more prominent place in health technology adoption models.
2.4.4 Geographic Challenges
Barriers and facilitators of health technology adoption can also stem from geographical
factors. Literature has constantly noted the under-serviced nature of healthcare in remote
areas as a consequence of numerous system-related barriers, including availability,
continuity, delivery, acceptability, lack of information exchange, and coordination diﬃ‐
culties [49]. The experience of care (from the perspectives of patients and physicians)
in rural areas also plays a role in the assessment of individual advantages of using infor‐
mation health technologies [38]. While the use of telemedicine reduces geographic
boundaries in medical care, adequate coverage of the underlying digital technologies
(e.g., broadband connections, UMTS, LTE) can still be an issue.
2.5 Technology Factors
This last category encompasses factors that are mainly the result of the development
process. The crucial questions are: How do health innovations (including innovationrelated communication) ﬁt to the aspects discussed above? In which aspects is the
possession and use of the technology perceived as rewarding (e.g., emotionally, socially,
culturally, ﬁnancially, goal-related, or self-esteem-related)? And which innovation
aspects are perceived as negative or threatening (e.g., costs, diﬃculty to use, stigmati‐
zation potential, reminders for sickness or death)? Put diﬀerently, to what extend are
behavioral avoidance impulses triggered, and to what extend approach impulses? Rele‐
vant technology factors encompass the optical and tactical appearance, perceived
simplicity, perceived eﬀects on self-esteem and social inclusion, functionality, joy of
use, anxiety-arousing potential, reliability, costs, and many more. Again, it should be
noted that the perceived characteristics are more relevant for individuals than the actual
characteristics, which are often unknown or can only be inferred from provided commu‐
nication, the appearance of the solution itself, or social reactions towards it. This again
emphasizes the role of professional and tailored communication for the success of health
technology innovations.

3

Implications and Outlook

Several factors that can inﬂuence the adoption (or avoidance) of health innovations are
discussed above. A consideration of these factors and principles has implication for the
conceptualization, measurement and communicative accompaniment of adoption
processes, which are outlined below.
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3.1 Perspectives on User Participation in Research and Development
In order to promote user orientation in health technology research and development, it
is crucial to integrate the attitudes, perceptions, needs, traits and the social frameworks
of tomorrows’ users early into the development cycles of health innovations. This
requires new forms of cooperation between practice and science, the co-production of
knowledge and the participation of relevant user groups in a process of open innovation.
This is a paradigmatic shift away from the traditional assumption that exclusively health
care professionals are able to devise, develop, and disseminate innovative concepts in
health care. As a result, open innovation processes in health care are more accepted by
users than traditional technology development [50]. For this purpose, methods of partic‐
ipatory health research are particularly relevant.
Participative research follows the principle of “knowledge for action” and not (only)
“knowledge for understanding” [51]. Interventions are designed to be participatory,
quality-assured, life-oriented, and setting-based to include the relevant personal and
social variables of technology adoption. However, the understanding of “participation”
is very divergent [52], but can be understood as a continuum between the poles of pure
“information” and “inclusion in decision-making” [53]. In this continuum, participation
characterizes the relationship between the researchers as well as the participants in a
bilateral sense: On the one hand as the participation of the participants in the research
process, on the other as the participation of the researchers in the processes and social
references of the examined settings [54]. For research practice, this means that the main
interest of research is deﬁned by the interplay of two (possibly incongruent) perspectives
– science and practice. The aim of a participatory design of research processes is the
promotion of an individual and collaborative learning process within practice and
science, to make action strategies more relevant to practice [55]. In addition, participa‐
tion in (application-oriented) research is intended to avoid the emergence of critical
barriers in the diﬀusion of technologies in health care.
The interdependence of the perspectives of science and practice required in the
framework of participative research is not simply determined by the decision to partic‐
ipate. Rather, it is a methodologically challenging procedure, which only gradually
develops during the actual research process through the encounters, interactions and
communication processes. This understanding breaks with traditional roles within
research and thus requires fundamental changes in the research processes – and in the
involved parties. In particular, the concept of co-researchers [56] seems promising for
a process of open innovation. In this understanding, co-researchers are members of a
relevant group (e.g., patients) or have an institutional or occupational group-speciﬁc
aﬃliation (e.g., doctors, therapists or employees in the ﬁeld of technology development).
They have an individual knowledge (e.g., about relevant actors in the research ﬁeld) and
research-relevant social contacts (e.g., for the planning and organization of interviews).
Co-researchers should carry out their own research tasks within the framework of
participatory research. For this purpose, adequate trainings (e.g., for the development
of questions, construction of interrogators, conducting surveys) is an unconditional
prerequisite.
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3.2 Methodological Implications
The co-researcher approach just described already constitutes a fundamental change in
innovation-related methodological assessments. Yet, even in this constellation, it still
can be challenging to avoid the risks of obtaining invalid (e.g., speculative) or biased
(e.g., social desirability bias) responses. Asking questions about the acceptance of
planned products or future behavior is largely ineﬀective, as individuals are little aware
of the factors (e.g., emotions, situational and social cues) that drive their behavior (e.g.,
[8]), and furthermore tend to give socially desirable responses. People also cannot be
expected to correctly report their knowledge levels [57] or anxiety [58]. Most notably,
individuals completing adoption-related questionnaires typically are in a “forced expo‐
sure” situation, in which they were deliberately brought into contact with the innovation.
In reality, however, most innovations already fail at the level of getting suﬃcient atten‐
tion. This increases the likelihood that forced-exposure responses are a methodological
artefact rather than valid evaluations [59]. Taken together, new approaches are needed
that reduce the risks of obtaining invalid data. The major challenge will be to measure
the stage-speciﬁc adoption determinants in a methodological sound way that reduces
biased and inadvertently invalid responses, and also in a way that acknowledges the
crucial role of attention and awareness processes for project success.
3.3 Communicative Implications
Professional communication should be perceived as an integral part of technology
development, and as deﬁnitive prerequisite for project success. Not just with regard to
internal project communication, which is not discussed here, but with regard to
informing and persuading potential end users. It is vital that this communication matches
the relevance frames, foreknowledge, and language of end users, and that it is adoption
phase-speciﬁc. Achieving suﬃcient awareness for the solution, emphasizing rewarding
aspects, and reducing or positively re-framing threatening or aversive aspects is likely
among the most important goals of strategic innovation communication. As biased risk
perceptions, defensive motivations and boomerang eﬀects are commonly observed in
the area of health promotion, these unwanted eﬀects should be conceptually considered
in the development process and minimized through adequate motivational and commu‐
nication strategies. A suitable user inclusion is essential for learning about the perceived
beneﬁts and problems of the innovation, as well as learning about alternative use
scenarios. Not only the development process proﬁts greatly from valid user feedback,
these insights are particularly beneﬁcial for eﬀective marketing strategies.
3.4 Outlook
Considering the dissatisfying low rate of health technology adoption, it seems essential
to look for new ways for improving the development process and of facilitating adoption.
Three general approaches were discussed in this paper: A more realistic understanding
of human functioning and decision-making, a consideration of diﬀerent stages of tech‐
nology adoption, and a stronger focus on social, organizational and situational
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determinants. Broadly distinguishing individual, social/situational and technological
factors as well as facilitating and inhibiting factors, several building blocks for more
comprehensive and user-centered adoption models were elaborated. Implications for
user acceptance assessment, user inclusion, and strategic communication were also
discussed.
Although many of the suggested dimensions are already integrated in some existing
models, a comprehensive theory that incorporates all these dimensions is still missing.
Our hope is that this examination stimulates the discussion about adequate and inade‐
quate conceptualizations of the process of health technology adoption, and about the
signiﬁcance of adequate communication strategies. Unsuccessful technology adoption
is, after all, most likely the result of dysfunctional communication during or after the
development process, and to a lesser degree a technological problem. We believe that
technological excellence needs to be accompanied by communication excellence. Both
skills require a realistic view of humans, suﬃcient knowledge about the process of
technology adoption, and a decent understanding of the range of relevant determinants.
Besides, this approach encourages transdisciplinary discourses between social sciences
and technology research and development, and hopefully also an enhanced user inclu‐
sion in all relevant development processes.
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