
 i-com 2016; 15(1): 51–66

DOI 10.1515/icom-2016-0008

Abstract: Research on technology acceptance presents 
different theories and models to predict the intention to 
use and actual usage of a system. However, even when 
applying these concepts to the design of novel technol-
ogy, there is still a lack of acceptance among many older 
individuals. In the past years, we gathered experience in 
developing and evaluating technology for older adults. 
Throughout multiple engineering cycles, we repeatedly 
encountered issues impacting user acceptance. Based 
on our research, we argue that low acceptance can be 
ascribed to all phases of the engineering process, and 
thus, should be systematically applied to technology 
engineering. By considering research on technology 
acceptance among older adults, and presenting our own 
experiences in how older adults accept ICT, we introduce 
12 lessons learned when designing ICT for older adults 
(understanding acceptance, evaluating the importance 
of user acceptance, pursuing the own goals, consulting 
with the user, considering all available information, con-
necting potential benefits, balancing different views, 
considering mediating factors, making use of emerging 
artifacts, being sensitive to one’s own actions, avoid-
ing misunderstanding, and communicating clearly). We 
conclude with a proposition on how to implement these 
lessons into acceptance engineering throughout the 
engineering lifecycle.
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1  Motivating Acceptance Engineering
Information and communication technology (ICT) has 
the potential to support older adults regardless of age- 
related impairments. ICT approaches to support well- 
being among older adults include the facilitation of 
cognitive training [14], rehabilitation of motor skills 
[4], and communication with family and peers [13, 21], 
and thereby help to maintain physical and cognitive 
abilities or strengthen social connectedness. However, 
designing systems to support older adults raises major 
challenges in the field of human computer interaction. 
Despite the scientifically demonstrated value of such 
technology for older adults, as well as a large variety 
of ideas and good concepts, only few systems are intro-
duced to the market. In this context, acceptance behav-
ior plays a crucial role for system designers, especially 
when focusing on older users, who might have reserva-
tions towards using novel ICT [32]. This suggests that 
acceptance is a major barrier when introducing new 
technology to older adults – if users will not fully adopt 
technology [29], they will be unable to obtain any of the 
potential benefits.

Acceptance describes the users’ willingness to 
engage with ICT. More specifically, the term accep-
tance includes a users’ attitudes towards innovation in 
ideas, behavior, and objects. This does not necessarily 
involve the introduction of innovative technologies, but 
the influence of introducing technology, which causes 
change in comparison to the accustomed situation of a 
user [24]. Consequently, acceptance is not only an influ-
encing factor for usability [23], but includes components 
of the individual experience and social acceptability [8]. 
Research on how to measure technology acceptance 
goes back to the 1980s, including psychological theories 
on user expectancy, user behavior and decision making. 
Based on these insights, different acceptance concepts 
have been established, including the technology accep-
tance model (TAM) [7], which has been modified and 
tested in accordance to age [29], gender [22], and several 
other factors [30]. However, even when applying these 
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concepts to the design of novel technology, there is still 
a lack of acceptance in many older individuals due to 
numerous aspects. While some people encounter dif-
ficulties when interacting with technology because of 
cognitive or motor impairments [3], others simply do 
not enjoy certain ICT, or do not recognize the additional 
value that was envisioned by the designers because 
of perceived barriers [27]. In addition, several ICT 
innovations highlight age related impairments rather 
than skills and thus, contribute to stigmatization of 
older adults [11, 18]. Finally, while there are numerous 
approaches offering means to measure acceptance, few 
approaches indicate how to improve technology in order 
to be accepted [8].

In the past years, we gathered experience in devel-
oping and evaluating technology to support older 
adults. Throughout multiple engineering cycles, we 
repeatedly encountered issues similar to those men-
tioned above, particularly impacting user acceptance. 
Based on our research, we argue that low acceptance is 
not only originated in flawed product design, but can be 
ascribed to all stages of software engineering processes, 
and thus, should be systematically applied to technol-
ogy engineering. This contribution aims to outline the 
importance of understanding different stages of tech-
nology acceptance among older adults in order for us 
to adapt our research approach appropriately, allowing 
us to create engaging and empowering ICT solutions for 
older users. To present our results, we structured this 
contribution as follows. The first part presents accep-
tance theories and studies and summarizes literature on 
the means of developing ICT for older adults, in order 
to explain the meaning of different acceptance princi-
ples. We then state how multiple user-, situation- and 
engineering-based factors influence technology accep-
tance and discuss the implications on the engineering 
process. We assert that current models help to predict 
the acceptance of ICT by older adults, but do not show 
how to implement these models into research and 
development approaches. By introducing examples of 
our research and development of technology for older 
adults, we draw the focus on acceptance criteria to 
analyze the engineering processes. Based on the exam-
ples, we explain which techniques and actions should 
be discarded and which ones can be regarded as viable 
to achieve high technology acceptance, and positive 
technology engagement. We conclude by presenting 
lessons learned and a discussion on how to implement 
these into acceptance engineering, a concept that sys-
tematically includes acceptance criteria throughout 
system engineering [8].

2   Understanding Technology 
Acceptance

Technology Acceptance is influenced by many factors 
within the user (e. g. prior technology use) and context of 
use (e. g. social acceptance) and in return, has an influence 
on multiple factors concerning the user (e. g. usage inten-
tion) and the context (e. g. workplace efficiency). In order to 
examine how the individual user acceptance (as opposed 
to social acceptance) of ICT by older adults can be fostered, 
we focus on theories and models that are based on the con-
nection of reaction, intention and usage as the key depen-
dent variables of acceptance. In a first step, we look into 
what factors are generally considered to affect or form tech-
nology acceptance, to evaluate how to implement means to 
improve acceptance into the engineering process.

2.1  Technology Acceptance Concepts

In the past 30 years, research on technology accep-
tance has evolved from a psychological view on decision 
making and user behavior into a multi-disciplinary notion 
of the relations between system, user, context, and usage. 
Managers, designers, engineers and advertisers alike aim 
at tailoring useful, easy-to-use and fun technology for 
various user groups. To achieve this goal, stakeholders 
consult different concepts of acceptance, originating pre-
dominantly from the development of business software 
and human behavior prediction.

Venkatesh and colleagues provide a literature review 
on user acceptance of information technology in the 
work context, which offers a good overview of existing 
approaches. In an attempt to unify the view on user accep-
tance, the authors compared theories and models in accor-
dance to factors that shape acceptance. Consequently, the 
authors present the Unified Theory of Acceptance and 
Use of Technology (UTAUT) with the four core determi-
nants of intention and usage: performance expectancy, 
effort expectancy, social influence and facilitating condi-
tions [30]. Among others, UTAUT is based on the follow-
ing concepts. The Technology Acceptance Model (TAM) 
by Davis is still an often used measurement for predicting 
and explaining system use based on the key concepts per-
ceived usefulness and perceived ease of use [6]. In multi-
ple user studies it has been shown, that external stimuli of 
system design have an influence on the cognitive response, 
which includes perceived usefulness and perceived ease 
of use. These aspects have an impact on the attitude 
towards using the system, and subsequently, actual user 
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engagement with the system. Davis also points out that the 
perceived usefulness has a much higher influence on user 
acceptance than the ease of use [7]. Further theories dif-
ferentiate the key concepts of user behavior into the attri-
bution to either the user or the (social) context. Examples 
include the Theory of Planned Behavior (TPB), which is 
based on the Theory of Reasoned Action, and the Motiva-
tional Model (MM). Within the TPB, Ajzen introduces the 
attitude toward behavior as the emotional reaction of a 
user, the subjective norm as a socially anticipated action 
of a user, and the perceived behavioral control as the ease- 
or difficulty-of-use when performing a task [1]. The MM 
divides usage motivation, as a core outcome of acceptance, 
into extrinsic and intrinsic motivation. While intrinsic 
motivation ascribes the motivation to perform a task to the 
activity itself, extrinsic motivation promises an outcome or 
value for performing an activity [28].

While the parameters of acceptance vary when 
looking into the different theories and models, all con-
cepts show the relevance of an additional value when 
using technology, e. g. the perceived usefulness, emo-
tional reinforcement, social encouragement, or fun. This 
aspect is especially relevant, when creating technology 
for older adults.

2.2  Technology Acceptance by Older Adults

With the purpose of designing successful ICT systems for 
older adults, user acceptance and motivation need to be 
taken into account. Since age is considered to play a mod-
erating role in predicting technology acceptance [30], 
research should discuss and refine the proposed generic 
models. While the presented user acceptance models 
explain attitude toward using technology, self-efficacy, 
and anxiety not to be direct determinants of use and inten-
tion, these aspects might have a higher indirect influence 
on acceptance when focusing on older adults. Multiple 
studies have shown what factors of the presented technol-
ogy acceptance theories and models are relevant in ICT 
for older adults and which additional factors should be 
considered. Van Biljon and Renaud investigated whether 
acceptance models are applicable to older mobile phone 
users. The results of a qualitative study indicate that there 
are intergenerational differences in the process of adopt-
ing technology, and thus, the priority of factors influencing 
technology acceptance. One major difference is based on 
the buying decision. Most participants in the study did not 
buy their mobile phones, but were given the phones by rel-
atives or peers. The authors argue that external mediating 
factors, such as affection and safety concerns, contribute to 

raising the actual system usage while not correlating to the 
perceived usefulness, perceived ease of use and intention 
to use the system [29]. This contribution provides interest-
ing perspectives in engineering, including the identifica-
tion of value, not only for the user himself / herself, but for 
family and peers, as well as the analysis of potential exter-
nal factors that facilitate or limit technology acceptance. 
In a study on predicting older adults’ technology accep-
tance behavior, Wang and colleagues pointed out four con-
tributing factors: needs satisfaction, perceived usability, 
support availability, and public acceptance. Furthermore, 
the study results show that support availability was stated 
to be the second most important factor after needs satis-
faction by the older users, whereas measured correlations 
put perceived usability into this position [31]. While all of 
the presented factors can be translated into generic user 
acceptance factors (needs satisfaction vs. perceived useful-
ness, perceived usability vs. perceived ease of use, public 
acceptance vs. subjective norm, support availability vs. 
social influence or facilitating conditions), the conducted 
survey provides an insight into practical implications 
when creating ICT for older adults, namely the importance 
of designing for support.

As stated above, moderators, like demographics or 
emotional characteristics, may play a different role when 
designing technology for older adults in comparison to 
technology in general. The presented studies do not prove a 
need to change established concepts, but draw attention to 
practical implications which are not apparent when looking 
into theories of technology acceptance. Relevant moderat-
ing variables have shown to vary according to stakehold-
ers and application context. In literature on ICT for older 
adults, interaction aspects are often investigated in relation 
to acceptance. When interacting with technology is per-
ceived as an effort that needs to be made before gaining 
access to any benefit technology offers, drop-out rates are 
likely to be high [25]. As indicated in multiple user studies 
on older adults’ experiences with mobile phones, user sat-
isfaction is affected by perceived usefulness, ease of use, 
and pleasure of use (Lee 2007). Thus, monotonous inter-
action and contents or unattractive design turn out to be 
acceptance barriers. From an expert’s point of view, issues 
for Smart Home technology acceptance can be grouped into 
technology design (function, reliability, usability), ethical 
consideration (privacy, trust, loss of dignity), user percep-
tions (safety, independence, stigma), and role of markets 
and policies (access to technology, affordability, different 
policy) [5]. Perceptions on technology design represent 
parameters that can directly be influenced by technology 
design, whereas ethical considerations and user percep-
tions draw the focus on socio-technological integration. 
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Furthermore, when aiming to create market-ready technol-
ogies, financial prerequisites of the user group and policy 
are additional factors to be taken into account.

Because acceptance is crucial for the success of tech-
nology, many approaches tend to encounter challenges 
for creating novel ICT for older adults. In contrast, there 
is a high potential in gaining knowledge on the rela-
tion of user acceptance and introducing and developing 
technology for heterogeneous users. Thus, the following 
chapter summarizes insights into system parameters 
that have shown to increase technology acceptance in 
older adults.

3   Increasing Acceptance Through 
Acceptance Engineering

In the area of software engineering, the goal to achieve 
suitable technology for the user becomes increasingly 
important. One of the established standards to address 
this aim is the human-centered design process [12]. Dif-
ferent disciplines have adjusted the engineering process 
according to their focus (e. g. usability engineering), but 
all consent on a composition of sequential, but iterative 
phases but iterative phases in technology development:
1.  Requirements Analysis: The first phase of the engi-

neering process includes all measures to identify 
problems, challenges, and expectations of the user. 
Depending on the discipline and designers’ goals, 
this phase can include any effort from analyzing liter-
ature to conducting in-depth field studies.

2.  Specification: The definition of software parame-
ters or determining factors includes the translation 
of application-oriented requirements into technical 
prerequisites and measures. Some processes (e. g. the 
engineering design process) summarize the first two 
phases in defining the problem.

3.  Design: The creation of a solution for an analyzed 
problem is represented by the design phase. This 
includes the creation of possible solutions (e. g. 
brain-storming), as well as technology planning, 
including first sketches and low-level prototypes of 
the envisioned system.

4.  Implementation: The phase of implementation 
includes the actual development of technology (pro-
totypes or products). In most cases, the general set-up 
is already defined at this point (e. g. programming lan-
guage and hardware), allowing a focus on requirement- 
oriented implementation of the system, including 
factors of efficiency and clean code.

5.  User tests: In most research and development 
approaches, user tests play an important role in terms 
of understanding the perceptions and behavior of the 
user group (e. g. in terms of efficiency or usability). 
While tests of early prototypes allow for major design 
changes, the following iterations of user tests with 
developed technology tend to decrease the amount 
of changes made, leading to a maintenance phase for 
the final product.

6.  Improvement / Maintenance: Finally, the last phase 
within an iteration is the application of changes that 
need to be made in order to improve a product. For 
most products on the market, this phase includes 
maintenance efforts. However, with increased applica-
tion development, the improvement through updates 
becomes more flexible for products that are already 
introduced to the market.

Throughout this process, accessibility, efficiency, and 
usability are referred to as central aspects, while user 
acceptance receives less attention in standardized pro-
cesses. However, some approaches indicate how user 
acceptance can be included in the engineering process. 
In his model of acceptance in ICT projects, Brau iden-
tifies experienced usefulness, experiences strain, expe-
rienced risk, and balance of trust as key determinants 
for acceptance, and includes usability and user experi-
ence as parts of acceptance. When applying his accep-
tance engineering model to the engineering lifecycle, he 
points out the importance of including factors for accep-
tance in the requirements analysis [2]. While he sug-
gests methods of user participation within the planning 
of novel solutions, further phases of the engineering 
cycle are omitted. In contrast, Eller describes accep-
tance engineering as an extending concept of usabil-
ity engineering that systematically manipulates and 
examines acceptance criteria and makes use of usability 
methods in order to achieve acceptance [8]. She implies 
the necessity of integrating acceptance engineering in 
in a multi-path model including usability engineering, 
but does not show how to implement this model into 
practice. 

Researchers and system designers present measures 
to create more suitable technology considering the needs 
and wishes of older adults, and thereby, tailor acceptance 
parameters. By means of increasing user participation 
in the design process, designers have the opportunity 
to influence acceptance at any phase. When introduc-
ing the TAM, Davis already pointed out the relevance of 
user acceptance testing as early as possible in the design 
process [7]. 
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Whereas the testing of technology acceptance has 
become a widely used method in early phases of the 
development process, research presents few insights into 
how to affect acceptance in different engineering phases. 
In the past years, we have worked on several research 
and development projects in the area of ICT for older 
adults. In the following sections, we present examples 
of our research, providing insights into the relevance of 
different engineering phases, and presenting experiences 
that increase the understanding of how we can improve 
technology in order to make it acceptable for older adults. 
In none of these projects, acceptance engineering was 
systematically integrated into the engineering lifecycle. 
However, we experienced several acceptance outcomes 
based on how we incorporated the users’ views into the 
different engineering phases.

3.1   Development of a Cognitive Training Game 
for Older Adults

In a research and development project, we followed 
a playful approach with the aim of creating a psycho- 
motoric training application that helps older adults to 

remain cognitive abilities [14]. Our motivation in starting 
this attempt was to react to an increasing need of frequent 
cognitive training for older adults with mild cognitive 
impairments and dementia in its initial phase, while less 
therapists are available. As a tool mainly for therapists but 
with the user group of older adults, the system was sup-
posed present cognitive training exercises in accordance 
to user skills. Therefore, dementia tests were digitalized 
and cognitive training exercises created. We followed the 
user-centered design process, while iteratively imple-
menting and testing technology. Throughout two years, 
a game-based android application on a tablet device was 
developed and evaluated, which introduced cognitive 
tests and puzzles as well as tasks in a sequential way (see 
Figure 1). At the beginning of the funded project, we con-
ducted an analysis, deriving requirements from of a lit-
erature review, interviews with three therapists and two 
doctors in a geriatric day clinic, as well as a preliminary 
study that tested existing tablet applications with the user 
group. We generated a set of specifications according to 
the identified needs and potential benefits of technology 
for older adults. The translation of requirements into spec-
ification was made merely on our prior knowledge of soft-
ware development. At that point, we regarded therapists, 

Figure 1: Woman using the cognitive training game [14].
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peers and relatives to be our main potential customers, 
while older adults were our target user group. Within 
the process of creating a system that aimed at providing 
a benefit for users with cognitive decline and aiming at 
introducing a product, the required additional value was 
mainly drawn from doctors’ and therapists’ statements. 
While therapists were our primary information source, 
the actual user group of older adults tested existing appli-
cations. This approach allowed us to identify issues for 
people with several impairments, but disregarded the 
perceived usefulness of potential solutions by the user, 
leading to potential acceptance issues already at an early 
phase of the system development. In the design phase, our 
team came up with numerous concepts on how to support 
cognitive abilities of older adults. The decision to develop   a 
playful cognitive training game as well as specific deci  sions 
within the design phase were mainly based on literature of 
geriatric therapy, conventional training methods, existing 
systems for cognitive training, and finally, our own prefer-
ences. The only source of preferences with a focus on the 
users’ perceptions could be drawn from our preliminary 
user tests, which identified particular content, interaction, 
and design preferences. Examples include a preference for 
local information, nature, and sports, and difficulties to 
perform drag-and-drop tasks [14]. Nevertheless, by failing 
to discuss likings of our targeted user groups in a partic-
ipatory approach, more acceptance risks emerged before 
implementing the first prototype.

After implementing the ideas, we started the first user 
tests. They already showed a wide range in the users’ atti-
tudes towards the system. On the one hand, some older 
adults could easily manage to perform all tasks, resulting 
in few usability issues and a high joy-of-use. On the other 
hand, the majority of participants was not able to use 
the system, because interaction and / or content cogni-
tively overwhelmed them. To comprehend the reasons for 
these issues, we discussed our results with the therapists, 
resulting in implications for content adaptation. However, 
only those participants with good cognitive skills, who 
managed to perform all tasks, were able to communi-
cate their experience with the application in more detail, 
drawing attention on the validity of interpretation of user 
study results. Especially when focusing on older adults 
with various abilities and impairments, our experience 
suggests that it is questionable whether research results 
actually reflect the potential technology acceptance. 
Moreover, discussions that were not part of the conducted 
questionnaire, but evolved as a side-communication in 
the testing sessions, proved to be interesting information 
platforms in respect to perceived usefulness and ease 
of use. For example, one of the users stated that he was 

surprised how easy it was for him to use the application on 
the tablet device, since his children always kept him away 
from novel technology, claiming it was too complicated. 
This informally acquired information points out that the 
social context does play an important role for technology 
acceptance, confirming prior research on user acceptance 
in older adults. 

At the end of the project, the rollout of the developed 
system was hindered by several factors, including a lack 
of resources, and policy for systems that are officially used 
in therapy, but also because many target users did not per-
ceive the application as being useful, preferring analog 
cognitive training tasks. Overall, these experiences show 
the importance to take into account acceptance criteria 
throughout the whole engineering process. Moreover, we 
could identify several acceptance aspects when designing 
ICT for older adults, which we can apply in future projects.

3.2   Development of Movement-based Games 
for Older Adults

Another set of research projects focused on the develop-
ment of movement-based games for older adults [9, 10] 
to support physical activity in care home environments. 
The goal of the projects was to explore the design of move-
ment-based interaction suitable for older adults who 
experience a wide range of age-related changes, and to 
better understand how technology-based support systems 
can be integrated in care home environments. To this end, 
we worked with a physical therapist to identify suitable 
interaction paradigms, and involved nursing staff in dis-
cussions around deployment challenges, for example, 
support that would be available during play, and spatial 
requirements of the care environment.

In the first project, we followed a user-centered design 
process that built on previous work on games for older 
adults to identify suitable game themes. Additionally, 
we prototyped interaction paradigms, and these were 
reviewed by a physical therapist for early-stage user testing 
with the intended audience, older adults living in long-term 
care. This iterative approach to designing the movement- 
based interaction allowed us to gain early insights into 
the suitability of our designs for the target audience, and 
solicit feedback from nursing staff. Following the proto-
typing stage, we developed a movement-based gardening 
game [9] that was in line with findings from the prototyp-
ing design, and previous recommendations for the general 
design of games for older adults in long-term care. Through-
out the testing stage of the final game, it quickly became 
apparent that the design was suitable for the majority of 
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users, but that older adults who experienced severe age- 
related changes – particularly cognitive impairments – 
struggled with the combined challenge of learning how to 
control the game, while also having to understand game 
mechanics and follow the goal of the game. As this affected 
their overall gaming experience, this situation created dif-
ficulties for the general acceptance and use of the technol-
ogy in an empowering, enjoyable context.

In a follow-up project [10], we built on these findings 
regarding the needs of older adults with cognitive impair-
ment, and developed a suite of movement-based casual 
games that relate to tasks of daily living (e. g., cooking) 
and were controlled through simple hand movements. 
Using these games, we carried out a long-term user study 
at two research sites (a long-term care facility catering to 
independent older adults, and a care home offering high 
levels of support), and found that all participants were 
able to gain access to the games. However, the longitu-
dinal nature of the study revealed two important aspects 
that need to be considered with respect to acceptability of 
technology. First, we learned that many older adults were 
apprehensive to engage with new technologies in a social 
setting, suggesting that acceptance does not only depend 
on the technology at hand, but also on contextual factors. 
In our case, this led to a change in research protocol at 
the care home that had not initially been planned, but 
was necessary to accommodate the needs of the partici-
pants, and allow them to engage with our games in a safe, 
encouraging environment. Second, the study revealed 
huge differences in understanding and progression in 
the use of technology. While the provided gaming system 
had long-lasting appeal for many users, others improved 
quickly and were looking for more challenging tasks, out-
lining another challenge in the creation of technology for 
older adults that has long-term appeal.

Summarizing the insights that were gained through-
out both projects, they provided a deeper understanding 
of acceptance engineering of technologies for older adults 
specifically regarding the deployment context, along 
with individual user needs that can only be understood 
through the long-term study of their experience with new 
technologies.

3.3   Development of Support Means of ICT  
for Older Adults

A further project focused on ICT to support speech lan-
guage therapy for older adults [14]. We learned how coop-
eration of different disciplines changes the view on ICT 
requirements. Research on how ICT is used in aphasia 

therapy motivated us to address the needs of older adults. 
We envisioned an easy-to-use system, which helps older 
adults to practice their communication skills. Because 
it is oftentimes embarrassing for older adults with post-
stroke speech impairments to communicate in public, we 
wanted to provide a support in practicing sentences in 
a protected environment. Therefore, requirements were 
derived from speech language therapists in interviews 
with other therapists as well as observation of training 
sessions, leading to a high application focus. The analysis 
investigated the usage of therapy means, including hints 
in speech language therapy, which therapists apply when 
a patient encounters difficulty to manage a task. Auditory 
(e. g. repeating a task), visual (e. g. highlighting possible 
solutions), and tactile assistance measures (e. g., pointing 
on a picture) were then analyzed with respect to frequency 
of use. Results indicated that some hints were used more 
frequent and more successful than others. 

The hints were introduced in a specification work-
shop with three experts in the field of speech language 
therapy, four human-computer-interaction researchers, 
and two software developers. The results of the coopera-
tive translation of practical requirements to system spec-
ifications had a major impact on the following design 
decisions. In contrast to our initial goal to create a sepa-
rate speech language therapy system for older adults, we 
focused on providing a meta support for existing appli-
cations. Several auditory and visual hints were identi-
fied that could be integrated not only in digital aphasia 
therapy, but therapy and rehabilitation applications for 
older adults in general (e. g. limitation of answers, show 
an image, highlight or repeat parts of the task). Thus, in 
the following engineering phase, we were able to focus 
on how to implement these hints into systems on the 
market. In a Wizard of Oz experiment, our first sketches 
were perceived to be useful by both users and therapists, 
and showed an improved task fulfilment of an aphasia 
therapy measure in comparison to the same measure 
without support. Due to the adjustment of an already 
well-accepted technology, a high acceptance by the user 
group is anticipated.

3.4   Development of Assistive Transportation 
ICT for Older Adults

In a different project we looked at the specific transpor-
tation needs of older adults [17]. In this project we also 
engaged in an UCD process, which included the long-term 
involvement of 19 older participants. The home region 
of the participants has about 100.000 inhabitants and 
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includes both urban and very rural areas. Public trans-
portation options available are bus and train (mainly for 
inter-city travelling). The bus service is very limited, espe-
cially in rural areas. Additionally, the landscape is very 
hilly and diverse. The participants were generally in good 
health, but due to age related impairments they were in 
or envisioned the transition of from using their own car to 
using public transport or ridesharing.

We followed an iterative approach, which started 
with initial interviews to understand the context of older 
adults’ transportation habits and needs and which was 
followed by several prototyping and evaluation cycles. 
We developed multiple paper based and interactive pro-
totypes and iteratively built a mobile application that 
was tested for 1.5 years. Our findings implied that the 
acceptance of new, potentially assisting ICT to support 
the transportation needs of older people is not solely 
created by solving logistical problem of getting from A 
to B and taking into account age related impairments. 
Their choice to make use of ICT to find suitable trans-
portation was mainly driven by two factors. These two 
factors are ‘independence’ and ‘decisional autonomy’. 
The way these dimensions are addressed in commu-
nicating with the respective users, clearly influences 

the acceptance of ICT and the implied transportation 
choices [16]. 

The findings of the study imply several things with 
regard to acceptance engineering. Firstly, we found that 
solving the basic problem of getting from A to B had to 
be framed in socio-technical context (taking into account 
personal habits and attitudes as well as social structures). 
Secondly, our research was embedded in several informal 
sessions, which resulted serendipitously throughout the 
studies’ process (e. g. talking about new feature requests 
during coffee breaks of studies: see figure 2, or at the 
informal “Christmas party” with the study participants). 
Thirdly, the introduction of well-designed ICT for older 
adults has to be accompanied by the introduction of social 
means of support and feedback. Older adults’ appropria-
tion of technology is characterized by learning and apply-
ing instead of trial and error. 

3.5   Cross-project Insights on Supporting 
Older Adults Through ICT

The above introduced examples changed the way of 
how seriously we consider acceptance criteria when 

Figure 2: A group of older adults participating in a user study.
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starting new ICT projects that aim to support older adults. 
In addition to these experiences, we can draw findings 
from our prior research in the field of Ambient Assisted 
Living, as presented in the following example. In a living 
lab approach, we invested intensive work on the socio- 
technological integration. In periodical meetings with 
the user group of older adults, we discussed usefulness, 
sense making, privacy, and usability in novel ICT. At the 
same time, we offered workshops to introduce technol-
ogy, reduce fears, and provide a protected space, allowing 
for failure and learning in the interaction. Furthermore, 
during the entire development process, early scenarios, 
personas, and prototypes were used to discuss benefits 
and challenges. Thereby, we experienced that artifacts 
that are developed within a project, are useful instru-
ments to mediate between developers and users [19].

In summary, our experience in following a user- 
centered design process is ambivalent. On one side, some 
attempts to create accepted products were not successful. 
On the other side, we have gained valuable insights on how 
to improve our future research, bearing in mind acceptance 
criteria at all stages of the development process. In the fol-
lowing, we present our approach of acceptance engineer-
ing, incorporating lessons learned from our research.

4   Implementing Acceptance 
Engineering

Research in the field of technology acceptance already 
showed the importance of this concept for the intention 
to use and actual usage of novel systems. Results mainly 
focus on modifiable factors that determine acceptance 
within technology design. Our examples show that accep-
tance can not only be influenced by design, but by the 
research methodology, and especially the socio-techno-
logical integration. Thus, the way, in which technology 
acceptance is incorporated into the engineering process 
has an influence on the success in creating engaging 
and empowering ICT. In the following, we draw lessons 
learned from our experiences, which in turn, are applied 
to the process of acceptance engineering.

4.1   Lessons Learned from Projects on ICT for 
Older Adults

Based on our experiences, there are three major sources of 
acceptance risks: (1) the user himself / herself, in respect to 
heterogeneous abilities, preferences, and prior experience, 

(2) the social context, including social structures that may 
both foster and hinder technology acceptance, and (3) the 
design team, referring to decisions about which methods 
to use, the execution of those methods, and personal char-
acteristics. We present our lessons learned, which can be 
related to one or more of these sources. 

Lesson 1: Understand acceptance.
The foremost lesson we had to learn in all projects is that 
in order to create technologies that reach high acceptance 
rates, we need to understand the nature of acceptance in 
relation to the user group, and the application area. With 
this contribution, we took a first step in analyzing how our 
experiences can be related to prior research on technology 
acceptance. However, the objective to fully understand 
acceptance criteria of older adults is an ongoing process. 
In any case, reflecting upon one’s own experiences and 
literature in the field of acceptance, provides impulses 
towards creating engaging ICT. 

Lesson 2: Evaluate the importance of user acceptance for 
your goals.
When comparing our research experience with existing 
literature on ICT for older adults, we noticed a difference 
in the relevance of acceptance, especially in the goals of 
research and practice. For some research approaches, 
initial technology acceptance might be essential, e. g. 
to avoid dropout rates (compare our fourth example). 
Depending on the business model, products on the market 
might need to either achieve long-term engagement or per-
suade customers in comparison to other products (compare 
the first two examples). Therefore, it is important to eval-
uate the relevance of different user acceptance criteria for 
the own objectives and plan methodology accordingly: 
for some ICT projects, usability may be the core important 
measurement, but other projects might require long-term 
user studies in order to evaluate user acceptance.

Lesson 3: Ponder whether it makes sense to continue to 
pursue your goals.
With the aim to create suitable and well-adopted technol-
ogy for older adults, it is sometimes necessary to put all 
thoughts on invested efforts aside and discuss whether 
goals need to be changed. In many cases, the adjustment 
of measures and methods – even if it costs time and effort 
that have already been invested – may provide a benefit 
in the acceptance outcome. However, any decision in this 
context should be carefully considered. Our third example 
showed, that it is not always useful to create yet another 
application to support older adults, but other measures 
that improve existing solutions might increase acceptance.
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Lesson 4: Always ask users about their wishes, experi-
ence, and perceptions of potential technology.
Our first example has shown how technology acceptance 
is at risk in any phase of the engineering process, when 
perceptions of the actual users are disregarded. The 
interpretation of user behavior when interacting with 
technology is not sufficient to draw requirements from, 
nor is it a suitable replacement for intensive communi-
cation with the user group. Our second example demon-
strates that the evaluation context of technology also 
has potential to reveal vulnerability; in this context, it is 
important to maintain flexibility and be open to adapt-
ing the research process.

Lesson 5: Use validated methodology, but always consider 
off-the-record information.
Although mixed-method approaches are increasingly 
used, user studies differ in the applied research design and 
methodology. But even if off-the-record information is not 
always helpful, e. g. for quantitative research, this informa-
tion opens an insight into the perceptions and feelings of a 
user. Especially for older adults not showing high affinity 
towards technology, simply talking to people can help dis-
cover barriers and motives. Our first and fourth example 
show how informally gathered information adds to under-
standing acceptance of older adults.

Lesson 6: Connect the objectively added value with the 
perceived usefulness of the user group.
From our first and second example we learned that our 
envisioned benefits did not always meet the perceptions 
of the user, and the benefits could not always counter-
balance the invested efforts. In the analysis of require-
ments and definition of specifications, it is crucial to 
acknowledge a potential discrepancy between actual 
and perceived value, in order to react to it. Communi-
cation is a sensible matter and the complexity of user 
expectations, perceived usefulness, added value, and 
social context should be analyzed before testing systems 
with the user group.

Lesson 7: Balance different views on perceived usefulness.
It is not only important to consider objective and subjec-
tive usefulness, but to balance a variety of perceptions on 
this aspect. As a particularly heterogeneous user group, 
older adults differ in their experiences, abilities, and pref-
erences. Therefore, researchers and developers need to 
figure out, which viewpoints to focus on or how to include 
the plurality of perceptions. Furthermore, when consid-
ering that older adults are not always the customers of 
ICT, but their peers and relatives might buy technology 

for them, novel approaches need to balance customer and 
user needs.

Lesson 8: Take mediating factors into account.
Even though research on theoretical models points out sig-
nificant impact of individual determinants on the inten-
tion to use a system and the actual usage, it is important to 
understand that these models tend to abstract the concept 
of acceptance. These models are intended to be generic, 
and thus, transferable. However, when developing ICT for 
older adults, aspects of the application domain and user 
context should be drawn into focus. This becomes clear 
when evaluating information on the social influence on 
acceptance, e. g. family members, who keep older adults 
away from, or encourage them to use novel technology.

Lesson 9: Use emerging artefacts as common ground for 
discussing technology.
Throughout the process of developing technology for older 
adults, many useful artifacts are created, e. g. mind maps, 
sketches, mockups, user stories, personas, or prototypes. 
Each of these artifacts can be used to discuss technology 
with different stakeholders, while establishing common 
ground. Thus, in the process of generating these artifacts, 
it is essential to make sure they are understandable for 
wide audiences.

Lesson 10: Be sensitive to your own actions.
Starting with the requirements analysis and continuing 
throughout the whole engineering process, the character 
of the researcher has an influence on the outcome of a user 
study (see Rosenthal effect [26]). Even if clearly structured, 
there will always be emotional aspects when directly inter-
acting with users. To a certain extent, these variables can 
be controlled in order for researchers to become accepted 
technology providers [20], but one researcher is likely to 
receive different reactions from the same user in the same 
situation. Whereas it is not necessarily important to control 
one’s own actions, the interpretation of user study results 
should incorporate how one’s own actions effect a user.

Lesson 11: Avoid misinterpretation of results.
When aiming to improve the way we create technology 
that is both engaging and empowering for older adults, we 
noticed that not only the different phases of system engi-
neering, but also the transitions in between the phases can 
have an impact on user acceptance. Transitioning from 
requirements analysis to specification, from specification 
to design and from design to implementation is not trivial. 
In order to not misinterpret the user’s needs, it is advis-
able to include methods that allow early feedback, such as 
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paper prototypes, Wizard-of-Oz evaluation or focus groups. 
These measures minimize acceptance risks and strengthen 
socio-technological integration at the same time.

Lesson 12: Communicate clearly and provide transparent 
information.
In order to discuss artifacts, goals, and implications, we have 
experienced a clear communication of results to be a core 
element for working towards a common vision. However, 
this requires a clear concept of your own goals and methods, 
as well as distinct definition of related aspects. Also, when 
discussing novel technology with older adults, our experi-
ence has taught us to provide transparent but easy to under-
stand information in order to establish mutual respect.

These lessons provide an insight on the implications of 
acceptance criteria on the process of system design. In 
order to improve our future work, in the following, we 
show how these lessons can be practically incorporated 
in the engineering process.

4.2   Including Experiences in Acceptance 
Engineering

Since implications of technology engineering for user 
acceptance takes place during every stage during the engi-
neering process, we propose how the above stated lessons 
can be incorporated into a systematic acceptance engineer-
ing process, referring to the stages of the human-centered 
design process. Figure 3 provides an overview of how to 
implement the lessons learned in accordance to acceptance 
engineering. Before starting the requirements analysis, 
we propose to conduct measures to ensure environment 
acceptability. In the turn of the process, all phases should 
be supported by respective acceptability measures (e. g. 
requirements should be validated by means of requirement 
acceptability). In the following, we explain these stages 
and provide examples on what measures to implement.

Before starting to design ICT for older adults, under-
standing acceptance (Lesson 1) should be an objective 
in all approaches. This includes a literature review on 

Figure 3: Acceptance engineering in the human-centered design process.
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acceptance criteria for older adults in general and an 
insight into the application domain. For example, in order 
to create a system that supports mobility, the environment 
of the focused user group should be visited. From our expe-
rience, the best way to analyze the application domain is to 
opt for an ethnographic approach, and accompany older 
adults in their daily routine and observe potential chal-
lenges and chances as well as existing practices. Thereby, 
suitability to the environment can improve acceptability.

This step already contributes to the engineering phase 
of requirements analysis and can contribute to defining 
the relevance of acceptance in the own approach (Lesson 2). 
E. g. in order to create ICT to change movement behavior 
in older adults with a focus on the neighborhood, long 
term studies must be conducted that evaluate the behavior 
before introducing the system, and needs to be continued in 
several iterations afterwards. We suggest to create a diagram 
showing the dependency of factors, and to use this diagram 
as a basic artefact for discussion. Based on this, first materi-
als can be created that structure the requirements analysis 
(e. g. interview questions). Often, when a system engineer 
analyzes requirements, he already has a certain solution 
in mind. In some examples, these have an influence on 
the analysis itself, or even on early stages of preparing the 
analysis. Consequently, the personality of the requirements 
engineer and the relationship with the user play a role in 
the outcome of this phase. Therefore, it is crucial to reflect 
on one’s own actions and thoughts (Lesson 10). From our 
point of view, the simplest way to achieve this is to discuss 
prepared methods and materials with at least one colleague 
who is not involved in the project, and to document the out-
comes of this discussion. Materials that are prepared in that 
way can also represent valuable artefacts for discussion 
(Lesson 9), help to define goals, and provide the basis for 
clear communication (Lesson 12).

The atmosphere for requirements analysis should 
be familiar for older adults (e. g. a known community 
center) to avoid unnecessary stress. Also, we suggest to 
prepare materials in accordance to the identified system 
goals, but document the results (e. g. answers of first user 
interviews) without relating it to the goals. For example, 
a scenario-based discussion of the application domain is 
a good measure to agree on terms that are easy-to-under-
stand for all stakeholders. Within this discussion, users’ 
perceptions should already be integrated (Lesson 4). Dif-
ferent stakeholders should be drawn into this acquisition 
of information (Lesson 6, Lesson 7). In a focus group in 
addition to individual interviews, multiple viewpoints 
can be confronted, providing room for avoiding misunder-
standing. From our experience, the different viewpoints 
should be explicitly stated, and potential overlaps should 

be identified. Within this discussion, it is important to 
stay attentive and note possible off-the-record informa-
tion (Lesson 5), e. g. by recording sessions on camera or 
assigning one person specifically to noting comments on 
attitudes and feelings. These measures help to achieve 
requirements acceptability.

In the phase of translating requirements into speci-
fications, the different artefacts should be incorporated. 
One possible way to address the needs and preferences 
of different stakeholders is perspective-taking in discus-
sions. Each system designer prepares the perspective of 
one or two stakeholders and incorporates his / her argu-
ments in the collective phrasing of specifications. While 
this process takes a lot of effort, it helps to keep in mind 
different viewpoints and helps to avoid misinterpretation 
(Lesson 11). This may also include different perceptions 
of usefulness and mediating factors (Lesson 7, Lesson 8). 
The resulting specifications should in turn provide the 
basis for the discussion with end users. Within this dis-
cussion it should always be the goal to communicate 
clearly (Lesson 11, Lesson 12). A mutual understanding of 
a concept can best be achieved by asking stakeholders to 
take the part of the system designer, and explain specifi-
cations. Paper prototypes of known systems (e. g. televi-
sion or even ideas of a service) can be created together to 
provide common ground. Specifications acceptability pro-
vides the basis of an acceptable system design.

In the translation from specifications to design, domain 
knowledge on how to design for older adults, and how 
they react to technology is needed, in addition to the basic 
domain knowledge for the application that is being devel-
oped. Therefore, it is necessary to talk to experts in both 
fields and collaborate closely. For example, when creating 
ICT for supporting transport for older adults with cognitive 
impairments, it might be helpful to talk to older adults, 
bus drivers, as well as neurologists. Until this phase, there 
is always a high potential that discussions might result in 
idea change (Lesson 3). At this point, we suggest to discuss 
requirements and specifications with other community 
members, and discuss possible solutions before presenting 
one’s own design ideas (in case disclosure is legitimate).

As soon as all relevant stakeholders agree on one solu-
tion, or the benefit of one solution over all other becomes 
evident, implementation can be started. In this phase, it 
is important to proceed with rapid iterations (e. g. paper 
prototypes, Wizard-of-Oz prototypes, click-dummies, or 
standalone components) in order to conduct multiple 
user tests and minimize acceptance barriers (Lesson 11). 
Implementation acceptability or system acceptability also 
includes user experience and system efficiency and can be 
evaluated through user tests.
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In the phase of user tests, researchers aim to receive 
an in-depth understanding on the potential usage of the 
envisioned system. It is important to reflect on results, 
discuss them with stakeholders, and think about ways to 
improve the system when focusing on acceptance. When 
preparing user tests, the socio-technologic introduction 
should be included. For example, simple tutorials using 
images and simple wording help users to get accustomed 
to technology. Also, we experienced the environment to 
play a major role in the willingness of older adults to test 
ICT. Our users were always happy to be invited for coffee 
and cake in a comfortable room rather than sitting in a 
sterile laboratory. By modifying the test environment, test 
acceptability can be improved.

Finally, as soon as a system is rolled out, the phase 
of improvement is not only important for the long term 
use of a system, but also to maintain positive attitudes 
towards novel technology: when older adults see that 
their suggestions are incorporated in the improvement 
phase, acceptance seems to be higher. Thus, improvement 
acceptability should be taken into account.

4.3   Implications for Acceptance of ICT for 
Older Adults

In contrast to the presented theoretical models [6, 30], 
our experiences support the statements of acceptance 
engineering approaches [2, 8]. Thus, acceptance does not 
only involve the users’ individual perceptions and social 
factors when using the system, but also other stakehold-
ers’ (older adults, family, peers) feelings and attitudes 
towards what is being created, how it is created, and who 
created it. Consequently, the process of engineering itself 
has an influence on technology acceptance. Acceptance 
criteria should therefore be taken into account at every 
stage of the development process.

We provided a list of lessons learned and provided 
practical examples on how to incorporate these into an 
acceptance engineering lifecycle. By drawing from our 
own experiences in developing ICT for older adults, we 
argue that we improve the acceptance of technology for 
older adults by adapting lessons learned and discussing 
our own approaches in system engineering. In our future 
research, we aim to modify acceptance by taking into 
account our lessons learned at every stage of the design 
process. Throughout the engineering lifecycles of upcom-
ing projects, we then hope to evaluate different methods 
to connect them to our list. Even though the implemen-
tation of our lessons learned in acceptance engineer-
ing is not validated yet, our contribution shows that 

understanding acceptance criteria requires theoretical 
models, but improving the actual acceptance of technol-
ogies is based on the translation of models and theories 
into applicable actions. In this paper, we started to sum-
marize lessons learned of user acceptance in relation to 
the engineering process. Gathering further knowledge on 
how to transition in between the engineering phases and 
how to make correct decisions in terms of user acceptance 
remains a challenge for academia and industry.

5  Concluding Thoughts
Acceptance outcomes of technology design are influenced 
by many soft parameters such as feelings and opinions of 
the user. System use itself affects feelings, self-conscious-
ness and further aspects of personal and social life. For 
example, wearable technologies can have a major influ-
ence on how the user behaves in an environment, and the 
environment can show different reactions to the technol-
ogy, again influencing user experience.

This contribution explores technology acceptance 
among older adults, and presents lessons learned from 
previous research on ICT for older adults. Based on our 
experience in designing and evaluating technology for 
older adults, sustained acceptance can only be achieved 
by considering prerequisites of acceptance in every phase 
of the engineering process, and closely cooperating with all 
involved actors. One important step towards this multitude 
of viewpoints is interdisciplinary research and develop-
ment. While results of a user study might lead to the same 
conclusions for people with a similar expertise, other fields 
of research have a different view on the impact of particular 
user statements and behavior. The translation of what users 
say to what users mean always involves a major part of inter-
pretation. Especially with a focus on ICT for older adults, 
experts in the field of gerontology or social psychology 
can contribute different insights into the user group than 
computer scientists. Actors that engage in interdisciplinary 
research have the chance to benefit from various expertise, 
but only if remaining open to alternative interpretation.
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