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Abstract

Providing technological support to assist older adults in their daily activities is a promis-

ing approach to aging in place. However, acceptance is critical when technologies are

embedded in the user’s life. Recently, Lee et al. established a connection between

acceptance and motivation. They approached motivation via the Self-Determination

Theory (SDT): the capacity to make choices and to take decisions.

This paper leverages SDT to promote a new design style for gerontechnologies

that consists of principles and requirements. We applied our approach to develop an

assisted living platform, which was used to conduct a six-month field study with 34

older adults. We show that self-determination is a determining factor of technology

acceptance. Furthermore, our platform improved the self-determination of equipped

participants, compared to the control group, suggesting that our approach is effective.

As such, SDT opens up new opportunities for improving the design process of geron-

technologies.
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Preprint submitted to Journal of Computers in Human Behavior August 3, 2016



1. Introduction

The demographic context outlined by the World Health Organization (WHO) shows

an increase in the population of older people and an increase in life expectancy. Sup-

porting aging in place is a critical challenge for aging population countries, creating a

tremendous interest in gerontechnologies. These technologies are dedicated to evalu-5

ate, monitor, and/or compensate the difficulties related to aging that may compromise

an autonomous and independent living [1]. They form an environmental support, which

promotes the adaptation and well-being of older adults in their home [2, 3].

Technology designers and HCI researchers have made considerable efforts to de-

sign and develop systems that respond better to the needs and specific characteristics10

of the older user [4, 5, 6, 7, 8]. For example, the perceptive, motor and cognitive ca-

pabilities of the older user have been the subject of significant attention in the design

approaches used for gerontechnologies (e.g., [9]). Even though Human Factors and

Psychology of Aging have improved the usability of the proposed solutions and con-

tributed to their acceptance by older adults, long term adoption is still a challenge for15

gerontechnologies [10, 9, 11].

To address this challenge, we propose to leverage user motivation, via the self-

determination theory (SDT), to achieve technology acceptance. Self-determination is

more than an ethical principle; it is grounded in health psychology research and es-

tablishes a direct link between self-determination and quality of life/well-being of the20

older adult [12, 13]. Specifically, the more a person perceives themselves as being

self-determined (rather than externally controlled), the more their health and quality

of life increase. More specifically, the more an individual’s environment supports

self-determination, the more this dimension increases, resulting in improved well-

being [12].25

From the perspective of user-centered design [14, 15, 9], self-determination is in-

creasingly used to explain the motivational aspects of users (e.g., attitudinal, emotional)

for designing and evaluating technologies. Specifically, the relationship between self-

determination and technology acceptance and technology uses in young adults has been

established.Lee et al. [16] found that when technology supports self-determination, it30
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positively impacts technology acceptance. Furthermore, Przybylski et al. explored how

digital games fulfill or thwart self-determination needs, and thus promote or discourage

sustained engagement and either positive or negative outcomes for players [17]. Recent

studies show similar results for acceptance and continuance use intention of e-learning

systems for children and young adults [18, 19, 20]. Surprisingly, to the best of our35

knowledge, there is no study investigating the self-determination model in the context

of gerontechnologies.

This paper makes the following contributions.

1. We leverage SDT for assisted living technologies dedicated to older adults. We

promote self-determination dimensions as an intrinsic part for the design of40

gerontechnologies

2. We put SDT dimensions into practice for the development of an assisted living

platform for older adults.

3. We conduct a field study to demonstrate that SDT dimensions effectively sup-

port self-determination of an individual’s environment, improving their self-45

determination performance.

4. We evaluate the impact of self-determination as a determining factor for technol-

ogy acceptance in older adults.

2. Related Work

2.1. Designing gerontechnologies50

Although the user is a central concern in HCI research, the field of gerontechnolo-

gies is still dominated by technology-centered approaches [21, 11, 22]. According

to the literature review done by Durick et al. [11], this is due in part to the ag-

ing stereotypes of designers and researchers that mistakenly ignore the variabilities

in aging. They view an older adult as passively aging, unable to actively manage55

this process to maintain their daily functioning and well-being. This vision contra-

dicts WHO that promotes, since 2002, active aging, the bio-cultural theory, and the

Selection-Optimization-Compensation model of aging proposed by Baltes et al. [23].
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When these aging stereotypes are carried into the design, they create a mismatch be-

tween the technology and the end user [24, 11] with two main concerns:60

1. Unmet needs. The technologies developed by designers mainly target the com-

pensation for the loss of an ability due to aging. But in fact, older adults expect

technologies to support or optimize the behavioral adaptations they have will-

ingly developed to maintain their daily functioning. This situation makes it dif-

ficult for gerontechnologies to attract potential users. Conceptually, technology65

should be designed by leveraging the spare abilities of older adults, rather than

focusing on restoring their declining abilities. Such an approach is promoted by

Wobbrock et al. for users with impairments and referred to as ability-based de-

sign paradigm [25]. As a result, a technology leveraging and respecting spared

adaptative capabilities would be empowering and thus motivating for the older70

user.

2. Unsatisfactory experience. Often, the purpose and functionalities of gerontech-

nologies are driven by the needs and requirements of their social and caregiving

environments. Even when participatory design has been used, the contributions

may not reflect the variabilities of the needs of this population. When older75

adults acquire gerontechnologies, their functionalities may not match their in-

trinsic motivations and expected benefits. Their approach and experience with

gerontechnologies do not lead them to pursue the use of technologies for their

own sake or inherent satisfaction. Consequently, there is a lack of sustained

engagement from older users in using gerontechnologies; they end up finding80

them useless, stigmatizing, and cumbersome. This situation hinders their long

term adoption. As a result, a technology with self-decided services would be

engaging for the older user.

Recently, Chen and Chan [26] have provided overall evidence of these problems by

focusing on the relationship between acceptance and the usage of gerontechnologies85

in older adults, according to the Technology Acceptance Model (TAM) [27]. Specifi-

cally, TAM exhibits two critical attitudinal factors in explaining acceptance and usage

of technology: perceived usefulness – “the degree to which a person believes that using
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the particular technology would enhance his/her performance” – and perceived ease of

use – “the extent to which a person believes that using a technology is free of effort”.90

Based on a study involving 1012 seniors, Chen and Chan demonstrated that technology

acceptance and usage behavior in elderly people are predicted by user characteristics

(age, education, gerontechnology related self-efficacy and anxiety, and health deficien-

cies) and environmental factors (accessibility, assistance and guidance), rather than

attitudinal factors (perceived usefulness and ease of use) [26].95

In the Human Factors community, it is only recently that a book summarizing

a series of recommendations for the design of gerontechnological systems was pub-

lished [5] (see also [28]). These recommendations give a basis to formulate require-

ments for designing interfaces (hardware and software) and instructional supports ded-

icated to the characteristics of the older user, such as vision, hearing, cognition, motor100

performance and the attitudinal aspects.

The HCI and Human Factors communities have been proposing design techniques

to address user characteristics and environmental factors. These techniques include

user-centered and participatory design; they actively involve users in the design pro-

cess for a clear understanding of technology and user requirements. This participatory105

design takes the form of focus groups, scenario building, idea writing and sketching,

and mock-ups [14, 29, 30]. However, a potential limitation reported on these tech-

niques is the lack of generality of the results because they often involve small sets of

users, not necessarily representative of the target population [14, 31]. This concern

is even more pronounced in the context of older adults, where a wide inter-individual110

variabilities have been reported [32].

To circumvent these limitations, gerontechnologies need to target a specific seg-

ment of older adults to delimit a range of inter-individual variabilities. Participatory

design can then sollicit participants that are representative of the target segment. Fur-

thermore, gerontechnologies need to provide a mechanism that allows it to address the115

spectrum of needs within the target segment. Specifically, just as a clinical intervention

needs to be personalized for every individual to be effective [33], a gerontechnology

also needs to be customized with respect to each user profile.

The above-mentioned works do not specifically address the intrinsic motivations
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of older adults as a means to accept technologies, thus supporting active aging. We120

propose to introduce the concept of self-determination as a guide and constraint to the

design process of gerontechnologies. As a result, we expect on the one hand to enhance

acceptance and user experience, and on the other hand to increase self-determination,

and thus well-being of the older user. In other words, our main assumption is that

technology acceptance in older adults is critically related to a specific attitudinal factor,125

namely, the perceived self-determination elicited by the technology.

2.2. Designing For The Self-Determination Theory

The self-determination concept is a modern principle related to the Self-Determination

Theory (SDT). Historically, the term self-determination was employed in the context

of disability and refers to the “right” to have control in ones own life. A second us-130

age of the term appeared in the literature of motivation, with SDT framework of Deci

and Ryan [34, 35]. They define self-determination as the humans internal motivation

to engage in activities for which there are no obvious external rewards. As such, an

individual is self-motivated in an activity, if it fullfills three needs: (a) the need for

competence; (b) the need for relatedness; and (c) the need for autonomy. At the core of135

this psychological theory lies the hypothesis that any individual possesses innately the

motivation for self development and self realization. Importantly, the satisfaction of the

needs for self-determination is a relevant condition for psychological well-being, par-

ticularly for older adults [36, 37]. SDT has successfully guided research on intrinsic

motivation in a variety of domains, including sports, education, and health [38]. More140

recently, studies have demonstrated that technology acceptance as well as technol-

ogy usage behavior are closely related to the perception of self-determination elicited

by the technology. Such findings are highlighted in various domains such as educa-

tion [18, 19, 20], game playing but also in rehabilitation of cognitively impaired persons

[39, 40]. In this line of research, some authors have claimed that self-determination de-145

serves consideration in understanding of technology acceptance in older adults [41] as

well as in cognitively disabled people [42].

Wehmeyer et al. applies SDT to another domain more on education and reha-

bilitation [43]. In this theoretical framework, self-determination has educational and
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rehabilitation objectives; it has to be considered (a) in relationship to the characteristics150

of a persons behavior, (b) an educational and rehabilitation outcome, and (c) in con-

stant evolution through lifelong experiences. According to this model, a behavior is

self-determined, if the individuals action reflects four essential characteristics: (1) the

individual acts autonomously; (2) the behavior is self-regulated; (3) the person acts in a

psychologically empowered manner; and (4) the person acts in a self-realizing manner.155

By satisfying their needs for self-determination, an individual improves their health

and well-being [40]. In particular, the more self-determined behaviors are reduced for

an older adult, the more their well-being are diminished [44].

Self-determined behaviors are improved when actions related to the four self-determination

dimensions are reinforced [40]:160

[SDT1] – Behavioral autonomy. The person acts according to their own preferences,

interests and abilities.

[SDT2] –Self-regulation. The person initiates and reacts to events according to their

own ability to act on the environment and to anticipate the results.

[SDT3] – Self-realization. The person knows their strengths and limitations to act in165

an appropriate way.

[SDT4] – Psychological empowerment. The person is confident in their ability to im-

pact their environment (internalization of the locus of control [45]).

These four dimensions refer to a set of capabilities and a set attitudes, required

for an individual to be self-determined. Specifically, self-determination capabilities170

correspond to SDT1 and SDT2, and self-determination attitudes consist of SDT3 and

SDT4 [40]. Scales have been built to assess the four dimensions of self-determination

(e.g., LARIDI for adults [46]). We aim to use such scale to determine what is the

impact of an SDT-based technology on the self-determination capabilities and attitudes

of an individual.175

Interestingly, self-determination means a motivational process where satisfaction

comes primarily from the pleasure of setting up an activity rather than its outcome [35].
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Therefore, a self-determined activity is not necessarily one that is successful or one that

is delivered with high performance. Instead, it is a meaningful activity that brings sat-

isfaction to an individual. Consequently, gerontechnologies should first address the180

activities that are meaningful for an individual and not those that are significant for the

social environment [6]. This idea is captured by the first dimension of SDT, namely,

behavioral autonomy. This dimension becomes even more meaningful since aging is

characterized by continual changes in the interests and preoccupations of the individual

(e.g., [47]). Instead of efficiency, comfort and safety, this dimension promotes geron-185

technologies as a means to address the meaningful activities for an individual. This is

instrumental to guarantee technology acceptance and empowering user experience.

As an example of the SDT dimensions, consider the recurring concern of older

adults regarding aging in place. This concern becomes increasingly critical as the

person ages (over 80 years old) because of significant functional losses (behavioral190

autonomy) [47]. Together with this growing concern, the older adult introduces a rou-

tinization of their activities to maintain their domestic autonomy (self-regulation) [48].

This routinization is an adaptive response made by the individual on the basis of their

awareness of their capabilities (self-realization). Also, a byproduct of this routinization

is that the older adult retains control over their environment, and a confidence in being195

capable of staying in their home (psychological empowerment) [32].

If the designers of gerontechnologies is to adhere to the self-determination ap-

proach, these technologies are to be designed in a way that matches the self-adaptive

functioning of the declining older adult. In this context, SDT dimensions can be refor-

mulated as objectives realized by the gerontechnologies (see Figure 1). This reformu-200

lation is as follows.

1. Support behavioral autonomy. Ensure that the technology addresses an activity

meaningful for the person and that the proposed assistance is adequate in that it

matches the person’s capabilities and expectations.

2. Increase self-regulation opportunities. Enable the person to be in situations205

where they can take decisions and solve problems by themselves, implement-

ing their own adapted behaviors.
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3. Promote self-realization. Increase the awareness of oneself and of their capabil-

ities to carry out their personal projects.

4. Reinforce psychological empowerment. Reinforce the individual’s perception of210

being in control of their environment and avoid any form of stigmatization about

aging in using technology.

Figure 1: Design objectives related to Self-Determination

3. Application of SDT Dimensions : The SDT-Assisted Living Technology

Using our SDT design requirements, we have developed an assisted living platform

dedicated to older adults, in collaboration with caregiving organizations. In particular,215

we targeted users aged 80 years old on average, living alone, and cognitively healthy.

Indeed, this target population exhibits age-related decline that threatens their indepen-

dent living. For example, in France, 15% of older adults over 85 years live in nursing

homes.

We developed assistive applications based on a needs analysis that revealed specific220

needs in terms of reassurance, concerning the functioning of daily activities at home

(preparing a meal, personal care, dressing, etc.) [49]. These applications leverage a

range of devices (e.g., motion detectors, contact sensors, smart switches) and software

components (e.g., calendar, photo album, address book). Interactions between the user

and the assistive applications revolve around a tablet, which is stationary, plugged, and225

located at a central location in the user’s home. These interactions leverage an approach

proposed by Consel et al. [50] that allow assistive applications to be scaled up using a

unifying notification system [51].
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[SDT1] – Behavioral Autonomy

Variability and evolution of tasks of interest. We introduced an online catalog (similar230

to an AppStore) to allow an older adult or their caregiver to install assistive applications

(see Figure 2). Each application of the catalog refers to a specific task. An online

catalog allows the assistive support to evolve with the user: a new app can be installed

(new need) or deleted (need disappears). For example, Mrs X requested help with

her meals and personal care, but not for getting up from/going to bed. Consequently,235

only the “Meals” and “Personal Care” apps were installed. On the other hand, Mrs

Y asked for assistance with her meals and getting from/going to bed. She was thus

installed the “Meals” and “Getting from/Going to bed” apps. After a while, Mrs X

became more dependant, and needed to be assisted to get dressed, and a nurse came

every day to help with personal care. As a result, the “Dressing” app was installed and240

the “Personal Care” was uninstalled.

Figure 2: Examples of assistive apps from our catalog

Accessible interface. Regardless of the app installed, interactions are carried out via a

touchscreen tablet. Such device is known to be easy to use by the older adult (e.g., [52]).

The accessibility of the interface is ensured by the tablet, which acts as a dashboard, re-

ceiving and displaying assistance notifications from assistive apps, according to Consel245

et al.’s approach. Furthermore, interactions are simplified: the user is required a maxi-

mum of two screen touches to perform a task from the platform’s dashboard (see Figure
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3). The format of the messages is systematically defined according to the standards rel-

ative to the perceptive and cognitive capacities of the older adult [53, 54]. However, it

can be changed according to the specific capabilities of the person.250

Figure 3: Snapshot of the platform’s dashboard

Non-disruptiveness of the physical and social environment. To avoid changing the older

adult’s home environment, our platform relies on small unobtrusive devices (tablet,

motion detectors, contact sensors and electric meters). See Figure 4.

Figure 4: Examples of devices equipping our participants’ home

To minimize the changes to the user’s physical environment, mock (paper-based)

devices are placed in the participant’s home for two weeks before the actual devices are255

11



installed. This approach allows their locations to be adjusted with respect to the user’s

preferences by an occupational therapist of our study during their visits.

Regarding the social environment, the tablet-based dashboard turns into a digi-

tal photo frame when it is idle (no notification), as illustrated in Figure 3. Photos

can be uploaded by the older adult’s family and friends. Alternatively, photos can be260

uploaded automatically according to the person’s interests (e.g., flowers, landscapes).

This approach creates an involvement of the user’s social environment and contributes

to reducing the stigmatizing effect of assistive technology.

[SDT2] – Self-Regulation

Increased adaptative behaviors. The adaptative routinization of activities at home is265

specific to every older adult [48]. As a result, each activity is monitored by person-

alizing the positioning of the devices according to the person’s routine. This routine

is sketched by the user and observed by an occupational therapist. For example, Mrs

X’s breakfast consists of toasts, orange juice and a yogurt, while Mrs Y is just having

a coffee. For Mrs X, the appropriate locations for the sensors are the toaster and the270

fridge, while for Mrs Y only the coffee machine needs to be connected to a sensor to

supply environment interactions to the “Breakfast” app. This methodology is taken

from the work of Caroux et al. [51]. As can be noticed, this approach is not disruptive

for the older adult. Instead, it checks the appropriate functioning of the user’s routine.

Increased decision making. As a person’s needs for help are always contextual, sensors275

are used to give the apps context-specific information (e.g., [55, 51]). The monitoring

and the assistance are therefore always contextualized by the user’s activity: the older

adult is therefore the causal agent for the assistance. For example, the reminder about

an activity on the digital dashboard only appears if the activity has not been done ac-

cording to a pre-defined routine (and schedule). For another example, a lighted path280

is activated at night only because the user has turned on their bedside light. The ac-

tions of the assistance system are therefore not automated (as proposed by Stawarz

et al. [56] for example) but determined by the person’s own activity. By letting the

technology be guided by the self-determined activity of the person, it will only react
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according to the person’s command. As such, the technology supports the older adult’s285

self-determination.

User-centered interactions. The conditions for delivering assistance notifications on

the dashboard are specific to each user. Applications can be configured so that the

user can set a time and a delay after which to remind him/her of an activity or a task

that should have occurred according to their routine. Specifically, we ask the user how290

long passed a given time, they should be notified that an activity has not occurred.

According to the importance scale of the user, a critical event (absence of activity in

the home, opening of a door at night) is signaled on the digital dashboard and/or a

caregiver is alerted by SMS or/and by e-mail (Figure 5).

Figure 5: Snapshot for a critical event directly signaled to the user

[SDT3] – Self-Realization295

The system gives feedback to the user on how daily routines have been performed

in the form of an overall report: a smiley-face emoticon signals that the routines have

been completed (> 75 % of the planned activities); a neutral emoticon indicates a

medium performance (between 50 and 75% of the planned activities) ; and a sad face

emoticon indicates a low performance (< 50% of the planned activities). Note that this300

type of activity report is also being promoted for the connected pillbox proposed by
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Lee and Dey [57]. This report keeps the user aware of their abilities to perform their

daily routines, and thereby enhance their understanding of their abilities. As such, this

feedback improves self-realization.

[SDT4] – Psychological Empowerment305

As proposed by Caine et al. [58] with Digiswitch, we are giving the user the ability

to control the system by pausing it (Figure 6). If the user have guests, for example, the

system can be paused during different lengths of time (one hour, six hours, one day).

In doing so, the older user can preserve their privacy, which is a well-known obstacle

to technology adoption [58]. Our experience in the field has confirmed the importance310

for the user of being able to control the platform and to feel that they manages their

assistance.

Figure 6: Snapshot showing the possibilities for pausing the assistance

Because older people are more accustomed to paper-based support, we provided

them with a concise manual on our platform and assistive apps using this medium

(e.g., [59]). This manual reinforces the user’s understanding of the technology and315

thus their control over the system. Additionally, the older user as well as a caregiver,

benefit from training sessions on how to use the technology. Finally, there is a 24/7

help desk support.
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4. DESCRIPTION OF THE FIELD STUDY

In this section, we present a field study aimed to evaluate the impact of our SDT-320

based platform on the participants’ self-determination and the resulting acceptance

and user experience. Our assisted living platform was deployed in the house of 17

community-dwelling older adults (see below) for a 6-month period. We also recruited

17 older adults to form a control group. The first objective of the study was to eval-

uate whether our SDT-based platform changes the self-determination performance of325

our equipped participants. To do so, we measured the self-determination impact of the

platform on the equipped participants, compared to the non-equipped ones. The sec-

ond objective was to examine whether the initial self-determination performance of our

equipped participants is related to their acceptance and user experience of our platform.

Note that the ecological nature of our field deployment requires a cautious ap-330

proach considering that our participants are old older adults (82 years old on average).

The assisted living platform manages potentially critical situations (e.g., door alert) that

preclude the use of an intentionally unsuited design approach considering the frailty of

our participants. Indeed, deploying an unsuited platform to achieve a control condi-

tion for an experimental setup could have had deleterious consequences for the par-335

ticipants [60]. This situation would rightfully raise serious concerns from an ethical

committee.

5. EVALUATION OF AN SDT-BASED ASSISTED LIVING PLATFORM WITH

A FIELD STUDY

To study the improvement of self-determination when using our platform, we per-340

formed a field deployment in the home of 17 community-dwelling older adults during

a six-months study. We first describe our participants, then we detail our measures, and

finally we present our experimental results.

5.1. Participants

We recruited 34 community-dwelling, old older adults (see Table 1). This was345

done in collaboration with a public home care service for older adults. We selected
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participants that live alone in their apartment or house, and are cognitively healthy. This

choice addressed four concerns. First, this situation simplifies the design space of most

assistive applications (e.g., no user-sensitive context). Second, assistive applications

can be customized with respect to a unique user, contributing further to user acceptance350

and satisfaction. Third, as reported in the literature [55], having multiple occupants in

a home introduces sources of errors when monitoring activities. In turn, this situation

has a negative effects on assistive applications that are context sensitive, such as the

activity reminder. A final concern is that older adults living in couple are most of the

time assisted by their spouse, and thus are less prompt to request for assistance.355

The equipped and control groups of participants were matched according to their

age, gender, cognitive status (measured by Mini-Mental State Evaluation (MMSE)) [61],

perceived well-being and health (assessed by the physical and mental SF-36) [62]. Fur-

thermore, we assessed subjects’ personality with the Locus of Control subscales of the

PIC (Personality in Intellectual Aging Context) [63, 64]. These scales estimate the360

elderly’s sense of control in performing everyday activities (e.g., my problem solving

ability depends on how healthy I am) with three dimensions: Powerful others, Inter-

nal, Chance. Responses are scored on a 6-point Lickert scale ranging from 6 (strongly

agree) to 1 (strongly disagree). In an effort to reduce the participants’ burden, the PIC

was shortened, the resulting instrument reduced each dimension from 12 to 8 items.365

Thus, each dimension was scored from 8 to 48, higher scores indicating greater beliefs

in internal/chance/other control of one’s capabilities. Globally, Table 1 shows that both

groups are equivalent in their beliefs.

5.2. Measures

Two questionnaires were developed to measure self-determination performance and370

user acceptance.

5.2.1. Self-determination

For self-determination performance, we used the Arc’s Self-Determination Scale [65].

This questionnaire was administered to both the control and equipped groups; this was

done twice during the study: 1) on the first day of the technology deployment, and 2)375
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Participants Equipped Control Group

group group comparison

Mean (SD) Mean (SD)

Age 80.00 (6.42) 83.18 (6.37) p > .300

Gender 4 males 5 males

MMSE [0,30] 27.81 (1.51) 27.70 (2.20) p > .800

Physical SF-36 [0,100] 60.07 (24.51) 52.30 (21.61) p > .300

Mental SF-36 [0,100] 70.27 (19.61) 69.22 (19.66) p > .800

PIC Internal [1,48] 37.76 (1.56) 37.59 (1.49) p > .900

PIC Chance [1,48] 29.47 (1.26) 31.73 (1.49) p > .300

PIC Powerful Others [1,48] 15.71 (1.81) 16.56 (1.69) p > .700
SD=Standard Deviation

Table 1: Participant profiles

after 6 months of using the platform (these two stages are noted T0 and T6, respec-

tively).

The Arc’s Self-Determination Scale 72-item scale is composed by four dimensions:

section I measures autonomy (32 items), section II measures self-regulation (9 items).

The third section assesses psychological empowerment (15 items) and the last sec-380

tion measures self-realization, including self-awareness and self-knowledge (14 items).

However, several items of this scale were excluded because of their inappropriateness

with respect to the topic of our study (in particular, items related to working condi-

tions). The 55-selected items can be found in Section Appendix A.

Our final scale was composed by 55 items, including 26 items for measuring au-385

tonomy, 4 items for self-regulation, 10 items for empowerment and 15 items for self-

realization. The items are scored the same way as the original Arc’s scale, where a

higher score indicates a better self-determination performance. All raw scores were

mapped into percentages.
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5.2.2. User Acceptance390

The user acceptance questionnaire was only administered to the equipped group,

after six onth of platform usage. This questionnaire is inspired by an existing online

tool proposed by Hassenzahl [66].1 This measurement tool decomposes acceptance

into five dimensions: ergonomic quality, hedonic quality, appealingness, anxiety and

safety perception, and social influence. Answers to the questionnaire range over a scale395

of 7 points, from -3 to 3, including two antonyms (e.g., nervous/relaxed). Each accep-

tance dimension of the questionnaire consists of 6 items. The global score (from -3 to

3) is computed by averaging the scores of the answers collected for the questionnaire.

High acceptance is denoted by a high score.

Importantly, we did not use the Technology Acceptance Model (TAM) that stresses400

the perceived usefulness and perceived ease of use as the main attitudinal factors to-

wards technology acceptance [27, 67]. Indeed, recall that Chen and Chan demonstrated

that technology acceptance is predicted by user characteristics, rather than attitudinal

factors [26]. As a result, we decided to measure user acceptance beyond the two main

attitudinal factors of TAM, including dimensions related to user experience using Has-405

senzahl’s tool [66].

5.3. Statistical Analysis

Several statistical analyses were performed according to the study objectives.

1. To evaluate whether our SDT-based platform changes the self-determination per-

formance of our equipped participants. On the four self-determination scores410

(autonomy, self-regulation, empowerment and self-realization), we performed

mixed MANOVAs with the following design: time as a within-subject indepen-

dent factor with two levels (T0 vs. T6), group as a between-subject independent

factor with two levels (equipped v.s. control). A significant change over time

in self-determination performance for the equipped group will be obtain if the415

two-way interaction effect (time*group) reaches the significance. In this case,

mixed ANOVA with the same factor design was performed on each of the SD

1http://attrakdiff.de

18



dimensions as a dependent measure. In other words, all these analyses aimed

to exhibit the significance of the change of self-determination performance over

time.420

2. To assess the acceptance our SDT-based platform, the five dimensions of the

Hassenzahl tool were submitted to a MANOVA analysis with the time factor

as a within-subject independent factor. This analysis is followed by a tStudent

comparison for each dimension.

3. To examine whether the initial self-determination performance of our equipped425

participants is related to their acceptance and user experience of our platform.

We performed a Bravais-Pearson correlation analysis between self-determination

measures and acceptance measures.

Moreover, effect size (η2) was measured for every analysis. All the statistical anal-

ysis were performed using SAS SPSS Statistics 20.430

5.4. Results

Evolution of self-determination for equipped and non-equipped older users. Our results

are summarized in Figure 7. Overall, our MANOVA analysis revealed that a positive

change in self-determination performance of our equipped participants are significant

over time, for the four dimensions (two-way interaction effect, F(4,29)=2.72, p=< .05,435

η2=.272 ). No significant change was measured for the non-equipped participants.

Let us now examine each self-determination dimension. For autonomy, an inter-

action effect between time and group factor (F(1, 32) = 1.87; p > .100) did not reach

significance. Nevertheless, the examination of the means indicates that the equipped

participants gained perceived autonomy over the six-month study, while perceived au-440

tonomy decreases for the control group. In contrast, for the self-regulation score, the

two-way interaction effect was significant (F(1, 32) = 3.94; p = .05; η2 = .055). The

examination of the means indicates that the equipped participants gained perceived

self-regulation over the six-month study, while perceived self-regulation remains un-

changed for the control group. The same observation applies for the self-realization445
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performance (F(1, 32) = 17.40; p < .01; η2 = .222). Additionally, the two-way inter-

action effect is nearly obtained for the empowerment performance (F(1, 32) = 3.60;

p = .06; η2 = .101). The examination of the means reveals that the equipped partic-

ipants gained perceived psychological empowerment over the six-month study, while

perceived psychological empowerment decreases with time for the control group. A450

detailed description of the MANOVA and the ANOVAs are given in Section Appendix

A.

According to these results, we can see that the use of our platform has an impact

on user’s perceptions of self-determination; this validates the design of our technology.

However, even if self-determination is enhanced by this platform, it is important that455

the gerontechnology be accepted by the users. For this purpose, we studied the rela-

tionships between self-determination and technology acceptance within our equipped

group.

Evolution of acceptance for equipped participants. Overall, acceptance scores at the

beginning of the experiment, as well as at 6 months, are high and positive: they are460

all over 1 point. Acceptance scores at 6 months of use are presented in Figure 8. The

MANOVA analysis revealed a significant effect of time (F(5, 12) = 3.57; p < .05; η2 =

.598). The univariate ANOVA with time factor on each acceptance measure indicates

the following results: the ergonomic value increases with time (F(1, 16) = 4.69; p <

.05; η2 = .227); the hedonic value increases with time (F(1, 16) = 6.05; p < .03; η2 =465

.275).

Relationships between self-determination and technology acceptance. To highlight the

relationships between self-determination and technology acceptance, we performed

Bravais-Pearson inter-correlation between self-determination benefits and global ac-

ceptance benefits, across time. The self-determination benefits were determined as470

follows. We first summed the scores for all SD dimensions, for each time condi-

tion (total of SD at T0 and total of SD at T6); we then substracted T6 from T0; fi-

nally, we compute a ratio by dividing the result of the substraction by the sum of total

SD dimensions at T0 and T6. These calculations amount to the following formulae
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Total(SD(T6))−Total(SD(T0))
Total(SD(T0))+Total(SD(T6))

. The resulting value allows us to assess how much pro-475

portional gain is measured for all SD dimensions. The same approach is applied to

the acceptance score Total(Accept(T6))−Total(Accept(T0))
Total(Accept(T0))+Total(Accept(T6))

. The correlation analysis indi-

cated a high positive relationship between self-determination benefits and acceptance

benefits (R = .50; p = .04); the higher self-determination benefits get the better for

technology acceptance.480

Figure 7: Evolution of self-determination dimensions (A. Autonomy; B. Self-regulation; C. Empowerment;

D. Self-realization) for equipped and control groups from T0 (in pale blue) to T6 (in dark blue)

6. Discussion

The goal of this paper was to promote SDT into the design of gerontechnologies.

While classical Human Factors approaches revolve around age-related user changes

(physical and cognitive functioning), SDT focuses on motivational factors to drive the

design technologies. As such, SDT works in synergy with classical Human Factors485

approaches for promoting the human-centered approach into the design process.
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Figure 8: Acceptance scores at 6 months of use. The global score is presented on the left, followed by the

scores for each dimensions (i.e., ergonomic quality, hedonic quality, appealingness, safety perception and

social influence).

In this work, we have explored the concept of self-determination towards improving

the design process of gerontechnologies by proposing specific principles and require-

ments. We put this approach to practice by developing an assisted living platform. We

conducted a six-month field study with 23 older adults to assess the platform impact490

on their self-determination and the resulting acceptance. A major result of this study

is that a 6-month use of our SD-based platform improves user’s self-determination

performance in every dimensions: autonomy, self-regulation, empowerment and self-

realization. In constrast, no change or even deterioration was observed among non-

equipped participants. Indeed, psychological empowerment performance has dimin-495

ished in the non-equipped group. This observation is consistent with aging studies

revealing that the loss of sense of control on the environment is sensible with increas-

ing age [68].

These results validate our approach to promote SDT requirements to design geron-

technologies. We demonstrate the effectiveness of our SDT design principles by show-500

ing their impact on the self-determination state of the equipped participants. A second

important result is the strong relationship revealed between self-determination dimen-

sions and technology acceptance dimensions.This relationship mirrors the findings re-

22



ported by Lee, Lee & Hwang [16] for young users. Interestingly, their work exhibits

positive relations, whereas our work shows negative relations. More specifically, a505

negative influence of the self-determination performance on technology acceptance is

reported. The same negative influence has also been reported in past studies for the

health condition on Internet usage [69] and assistive technology adoption [70]. The

finding that people with poor self-determination conditions are more likely to use tech-

nology might be an indication that older people intend to use gerontechnology as a510

compensation, whereby the use of technology can increase autonomy and, to some ex-

tent, compensate for age-related self-determination deficiencies [71]. These remarks

are consistent with Chen and Chan who state that user characteristics in older adults

determine user acceptance, rather than attitudinal factors [26].

Even if the sample size of our field study is a statistical limitation, to the best of our515

knowledge, there is no study aiming at using SDT as design requirements for assistive

technologies. Furthermore, there is no study measuring the effect of SDT-based tech-

nologies on the self-determination performance of users. Finally, there is no research

reporting a relationship between self-determination performance and technology ac-

ceptance in older adults.520

7. SDT-Based Design Requirements [DR]

We now reflect on this design process and outline four classes of requirements,

following the four SDT dimensions, that could be used to design gerontechnologies.

[DR1] – Supporting behavioral autonomy

• Variability and evolution of tasks of interest. The scope of activities addressed525

by the technology should be wide and extensible to cover the activities of interest

of the older adult and their evolution over time.

• Accessible interface. The assistance proposed by the technology should be ac-

cessible to the person and should help them carry out the target activity. Specifi-

cally, it should match the perceptive, motor and cognitive capabilities of the older530

adult using the assistance, leveraging existing Human Factors methods.
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• Non-disruptiveness of the physical and social environment. The technological

assistance must be unobtrusively integrated into the physical and social environ-

ment of the older adult. Indeed, this is where the user has developed their habits

and has adapted to be behaviorally autonomous.535

[DR2] – Increasing self-regulation opportunities

• Reinforcement of adaptative behaviors. The assistive support must be comple-

mentary to the older adult’s: it should leverage adaptive behaviors and skills of

the user, instead of taking over from the user. Substituting the user by an au-

tomated system, as is promoted by home automation, is to be avoided, except540

when the user explicitly requests such support for their own comfort.

• Improvement of decision making. The level and the form of the assistance given

by the system are defined and decided by the user to meet their abilities of self-

regulation.

• User-centered interactions. The older user always remains the causal agent of545

interactions with the system whether these be passive or active (expected input

from the user). During interactions between the older user and the system, the

system should always provide the user with the necessary latitude to respond to

their self-regulation expectations.

[DR3] – Promoting self-realization550

The system should give feedback as it assists the older user in performing a desired

activity. This report should enable the user to maintain their self-awareness and their

capabilities to perform the meaningful tasks. To achieve this goal, the system should

maintain context-awareness information about an ongoing activity.

[DR4] – Reinforcing psychological empowerment555

The system must allow the older adult to change as many functionalities as possible,

increasing their perception of control over their environment.
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8. Conclusions

SDT-based technologies allow the user to be the causal agent of the technology’s

interaction, and enables the user to make decisions about assistance needed to live560

autonomously and perform meaningful activities. SDT puts the users’ motivation at the

core of the assistance system, ensuring the meaning of the technology for the person.

We promote these requirements as a way to provide a more successful and durable

match between the older user’s expectations and the design of the technology. In fact,

improving both the acceptance and the use of technologies by older adults is a key565

challenge for the HCI community.

Throughout the description of our case study, we have been able to relate the work

of the HCI community to concerns in gerontechnologies. In other words, researchers

and designers are intuitively implementing some of the SDT design principles. How-

ever, to the best of our knowledge, our study is the first that relates these functionalities570

with the Self-Determination Theory. We hope that this explanatory work and its instan-

tiation with a SDT-based, assisted living platform provides the technology designers

with useful insights to map SDT design principles into their design process.

For the HCI researchers, the self-determination concept opens up new avenues of

research on what the Human-Computer interaction style should be in gerontechnol-575

ogy: confer more self-determination on older users. Future works could integrate this

objective and evaluate it in a concrete way with our proposed measurement tool.
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Appendix A. The Arc’s Self-Determination Scale
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SECTION	TWO:		
Self-Regulation	

2A.	Interpersonal	cognitive	problem-solving	
	
33.	Beginning:	You	are	sitting	in	a	planning	meeting	with	your	employer.	You	
want	to	take	a	class	where	you	can	learn	how	to	use	a	computer,	whereas	your	
employer	wans	you	to	learn	how	to	use	the	cash	register.	You	can	only	learn	one	
or	the	other.	
Middle:____________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________	
End:	The	story	ends	with	you	learning	to	use	the	computer	

Story	Score:	________	
	
34.	Beginning:	You	hear	a	friend	talking	about	a	new	job	opening	at	the	local	
book	store.	You	love	books	and	want	a	job.	You	decide	you	would	like	to	work	at	
the	bookstore.	
Middle:____________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________	
End:	The	story	ends	with	you	working	at	the	bookstore	

Story	Score:	________	
	

35.	Beginning:	Your	friends	are	acting	like	they	are	mad	at	you.	You	are	upset	
about	this.	
Middle:____________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________	
End:	The	story	ends	with	you	and	your	friends	getting	along	just	fine.	

Story	Score:	________	
	
36.	Beginning:	You	go	to	work	one	morning	and	discover	you	forget	your	working	
template	that	you	need.	You	are	upset	because	you	need	that	template	to	do	
your	work.	
Middle:____________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________	
End:	The	story	ends	with	you	using	your	template	to	do	your	work	

Story	Score:	________	
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37.	Beginning:	You	are	in	a	working	group.	Your	employer	announces	that	the	
group	needs	to	elect	new	officers	at	the	next	meeting.	You	want	to	be	the	
president	of	the	working	group.	
Middle:____________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________	
End:	The	story	ends	with	you	being	elected	as	the	working	group	president.	

Story	Score:	________	
	
38.	Beginning:	You	are	at	a	new	work	and	you	don’t	know	anyone.	You	want	to	
have	friends.	
Middle:____________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________	
End:	The	story	ends	with	you	having	many	friends	at	your	new	work.	

Story	Score:	________	
	
	
	
	
	
	
	
	

2B.	Goal	setting	and	task	performance	
	 Directions:	
The	next	three	questions	ask	about	your	plans	for	the	future.	Again,	there	are	no	
right	or	wrong	answers.	For	each	question,	tell	if	you	have	made	plans	for	that	
outcome	and,	if	so,	what	those	plans	are	and	how	to	meet	them.	
	
39.	Where	do	you	want	to	live	in	5	years?	
	

� I	have	not	planned	for	that	yet	
☐	I	want	to	live	___________________________________________	
List	four	things	you	should	do	to	meet	this	goal:	
1)	______________________________________________________	
2)	______________________________________________________	
3)	______________________________________________________	
4)	______________________________________________________	
	

40.	Where	do	you	want	to	work	in	5	years?	
	

� I	have	not	planned	for	that	yet	
☐	I	want	to	live	___________________________________________	
List	four	things	you	should	do	to	meet	this	goal:	
1)	______________________________________________________	
2)	______________________________________________________	
3)	______________________________________________________	
4)	______________________________________________________	
	

41.	What	type	of	transportation	do	you	plan	to	use	in	5	years?	
	

� I	have	not	planned	for	that	years	
☐	I	want	to	live	___________________________________________	
	
List	four	things	you	should	do	to	meet	this	goal:	
1)	______________________________________________________	
2)	______________________________________________________	
3)	______________________________________________________	
4)	______________________________________________________	
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SECTION	THREE:	
Psychological	
Empowerment	
	

42.	�	I	usually	do	what	my	friends	want	…	or	

							�	I	tell	my	friends	if	they	are	doing	something	I	don’t	want	to	do	
	

43.	�	I	tell	others	when	I	have	new	of	different	ideas	or	opinions	…				or	

							�	I	usually	agree	with	other	people’s	opinions	or	ideas.	
	

44.	�	I	usually	agree	with	people	when	they	tell	me	I	can’t	do	something	
…	or	

							�	I	tell	people	when	I	think	I	can	do	something	that	they	tell	me	I	
can’t	

	

45.	�	I	tell	people	when	they	have	hurt	my	feelings	…	or	

							�	I	am	afraid	to	tell	people	when	they	have	hurt	my	feelings.	
	

46.	�	I	can	make	my	own	decisions	…	or	

							�	Other	people	make	decisions	for	me.	
	

47.	�	Working	hard	doesn’t	do	me	much	good	…	or	

							�	Working	hard	will	help	me	get	a	better	job.	
	

48.	�	I	can	get	what	I	want	by	working	hard	…	or	

							�	I	need	good	luck	to	get	what	I	want.	

49.	�	It	is	no	use	to	keep	trying	because	that’s	won’t	change	things	
…	or	

							�	I	keep	trying	even	after	I	get	something	wrong.	
	

50.	�	I	have	the	ability	to	do	the	job	I	want	…				or	

							�	I	cannot	do	what	it	takes	to	do	the	job	I	want.	
	

51.	�	I	don’t	know	how	to	make	friends	…	or	

							�	I	know	how	to	make	friends.	
	

52.	�	I	am	able	to	work	with	others	…	or	

							�	I	cannot	work	well	with	others.	
	

53.	�	I	do	not	make	good	choices	…	or	

							�	I	can	make	good	choices.		
	

54.	�	If	I	have	the	ability,	I	will	be	able	to	get	the	job	I	want…	or	
							�	I	probably	will	not	get	the	job	I	want	even	if	I	have	the	ability.	
	

55.	�	Working	hard	doesn’t	do	me	much	good	…	or	

							�	Working	hard	will	help	me	get	a	better	job.	
	

56.	�	I	will	be	able	to	work	with	others	if	I	need	to	…	or	

							�	I	will	not	be	able	to	work	with	others	if	I	need	to.	
	

57.	�	My	choices	will	not	be	honored	…	or	

							�	I	will	be	able	to	make	choices	that	are	important	to	me.	
	

Section	3	Subtotal:_______________________	
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SECTION	FOUR:	
Self-Realization	
	
	

58.	I	do	not	fell	ashamed	of	any	
of	my	emotions.	
	

� 
Agree	

� 
Don’t	agree	

66.	I	don’t	accept	my	own	limitations.	 � 
Agree	

� 
Don’t	agree	

59.	I	fell	free	to	be	angry	at	
people	I	care	for.	
	

� 
Agree	

� 
Don’t	agree	

67.	I	fell	I	cannot	do	many	things.	 � 
Agree	

� 
Don’t	agree	

60.	I	can	show	my	feelings	even	
when	people	might	see	me.	
	

� 
Agree	

� 
Don’t	agree	

68.	I	like	myself.	 � 
Agree	

� 
Don’t	agree	

61.	I	can’t	like	people	even	if	I	
don’t	agree	with	tem.	
	

� 
Agree	

� 
Don’t	agree	

69.	I	am	not	an	important	person.	 � 
Agree	

� 
Don’t	agree	

62.	I	am	afraid	of	doing	things	
wrong.	
	

� 
Agree	

� 
Don’t	agree	

70.	I	know	how	to	make	up	for	my	
limitations.	 � 

Agree	
� 

Don’t	agree	
63.	It	is	better	to	be	yourself	
than	to	be	popular.	
	

� 
Agree	

� 
Don’t	agree	

71.	Other	people	like	me.	 � 
Agree	

� 
Don’t	agree	

64.	I	am	loved	because	I	give	
love.	
	

� 
Agree	

� 
Don’t	agree	

72.	I	am	confident	with	my	abilities.	 � 
Agree	

� 
Don’t	agree	

65.	I	know	what	I	do	best.	
	
	

� 
Agree	

� 
Don’t	agree	

Section	4	Subtotal:	____________________	
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