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Abstract
Background  Technology can support healthy aging and empower older adults to live independently. However, 
technology adoption by older adults, particularly assistive technology (AT), is limited and little is known about 
the types of AT used among older adults. This study explored the use of key information and communication 
technologies (ICT) and AT among community-dwelling adults aged ≥ 65.

Methods  A cross-sectional study was conducted among community-dwelling adults aged ≥ 65 in southern Germany 
using a paper-based questionnaire. The questionnaire included questions on the three domains sociodemographic 
aspects, health status, and technology use. Technology use was considered separately for key ICT (smartphone, 
computer/laptop, and tablet) and a range of 31 different AT. Data were analyzed using descriptive statistics, univariate 
analyses, and Bernoulli Naïve Bayes modelling.

Results  The questionnaire was answered by 616 participants (response rate: 24.64%). ICT were used by 497 (80.68%) 
participants and were associated with lower age, higher level of education, living together with someone, availability 
of internet connection, higher interest in technology, and better health status (p < .05). No association was found 
with sex and size of the hometown. The most frequently owned AT were a landline phone, a body scale, and a blood 
pressure monitor. Several AT related to functionality, (instrumental) activities of daily living- (IADL), and morbidity were 
used more frequently among non-ICT users compared to ICT-users: senior mobile phone (19.33% vs. 3.22%), in-house 
emergency call (13.45% vs. 1.01%), hearing aid (26.89% vs. 16.7%), personal lift (7.56% vs. 1.61%), electronic stand-up 
aid (4.2% vs. 0%). Those with higher interest in technology reported higher levels of benefit from technology use.

Conclusions  Despite the benefits older adults can gain from technology, its use remains low, especially among those 
with multimorbidity. Particularly newer, more innovative and (I)ADL-related AT appear underutilized. Considering the 
potential challenges in providing adequate care in the future, it may be crucial to support the use of these specific AT 
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Background
The demographic landscape is undergoing a significant 
shift towards an aging population, increasing the need 
for care in the future. Additional challenges arise from a 
shortage of skilled healthcare professionals and growing 
healthcare expenses [1]. Thus, reducing morbidity and 
the demand for care is essential for the continued sta-
bility of healthcare systems. Policy makers are trying to 
prioritize aging in place and home care over institution-
alization whenever possible [2, 3]. Technology can be one 
way to enable independent living, improve quality of life, 
and promote healthy, active aging [4–8].

Especially those living with multimorbidity or frailty 
might benefit from technological assistance in their 
daily life. Information and communication technologies 
(ICT) and assistive technologies (AT) aim to compen-
sate impairments related to diseases, disabilities, or old 
age and support independence of older adults. A rapidly 
increasing body of literature reports the effectiveness of 
a wide variety of ICT and AT for older adults with differ-
ent impairments and diseases such as dementia and mild 
cognitive impairment [9, 10], Parkinson’s Disease [11–
13], or chronic obstructive pulmonary disease [14, 15].

Smartphones, computers, and tablets are considered 
key ICT that are omnipresent in todays connected world 
and an essential part of active participation in the com-
munity [16]. AT are manifold and heterogenous with 
different levels of complexity and price ranges [17]. 
Prominent examples are wearable devices [5], robotic 
systems [18], smart in-home technology [7], or mobile 
health applications [19]. Devices range from more tradi-
tional ones such as hearing aids [20] to new and innova-
tive devices such as tremor spoons [13], smart electric 
walkers [21, 22], or artificial intelligence enhanced vision 
aids [23]. Other examples include systems that manage 
fall risk [24, 25], ensure safe and timely medication [26, 
27], enable personal disease management [28, 29], or pro-
mote social connections [30, 31].

While there clearly is an abundance of available AT for 
older adults with different frailty levels and diseases, it 
is uncertain which of those devices, especially the more 
innovative ones, are being used by the target group in 
their daily lives. ICT are a prerequisite for the use of 
many AT (e.g., when a smartphone or tablet application 
is required for AT operation) and could thus be consid-
ered an indicator for AT use [32]. Smartphone use among 
those aged 65 + has increased from 13% in 2012 to 61% in 
2021 but remains below the rates for adults aged 18–49 

(95%–96%) [33]. For older adults with increased levels 
of frailty or multimorbidity, lower numbers have been 
reported in the past [34]. At the same time, AT uptake 
among the older community has been low [7]. A study 
from 2021 reported a prevalence of around 30% for AT 
supporting hearing, vision, or mobility among healthy 
Canadians aged 65–85 [20]. However, only more tradi-
tional devices have been included and the frequency has 
not been reported for specific devices. In another study, 
a low level of wearable use of 17.49% was reported for 
US Americans aged 65 or older [5]. Taken together, few 
studies report usage rates for AT among the age group 
above 65 and there are inconsistencies regarding associ-
ated sociodemographic and health-related variables [35]. 
Thus, the goal of this study was (1) to explore the use of 
key ICT and associated sociodemographic characteris-
tics and (2) to determine and describe which AT are used 
among community-dwelling adults aged ≥ 65.

Methods
A cross-sectional study was conducted in a county in 
southern Germany among older community-dwelling 
adults aged ≥ 65. The survey instrument was a paper-
based questionnaire sent out via the postal service. An 
ethics approval was obtained from the Joint Ethics Com-
mittee of the Bavarian Universities of Applied Sciences 
(GEHBa-202,101-V-014, 5 Feb 2021). This article is writ-
ten in accordance with the Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) 
Statement (supplementary file 1: STROBE Checklist) 
[36].

Study population
Community-dwelling adults aged ≥ 65 and registered at a 
private residence or a care facility in the selected county 
were eligible to participate. Based on an estimated fre-
quency of AT in the target population of 20–30% [5, 
20] and an expected response rate of 10-15%, we aimed 
to achieve a sample size of at least 250 for an estimated 
95% confidence in the analysis (calculated using the web-
based, open source software OpenEpi [37]). Considering 
we did not send out any reminders or offered compensa-
tion, the expected response rate was set lower than has 
been reported by other cross-sectional studies [38, 39]. 
Addresses were obtained through regional registration 
offices covering towns ranging in size from < 1,000 to 
> 10,000 inhabitants. A randomly selected sample, sized 
in relation to the ratio of persons aged ≥ 65 registered at 

among older and frailer populations. To focus scientific and societal work, AT with a high impact on autonomy ((I)ADL/
disease-related) should be distinguished from devices with a low impact on autonomy (household-/ comfort-related).
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each registration office, was requested from all 15 regis-
tration offices in the selected county. In total, the indi-
vidual samples added up to the targeted 2,500 persons 
(supplementary file 2: Overview of sample compilation). 
Only names, sex, and addresses were requested and 
deleted immediately after the questionnaires had been 
sent out. One registration office denied to release the 
requested address data.

Questionnaire and measures
To enable participation of older adults with different 
ranges of digital literacy, a paper-based questionnaire was 
developed in German. No personal data was recorded on 
the questionnaire. The questionnaire included questions 
on the following three domains: (1) sociodemographic 
aspects, (2) health status, and (3) technology use.

Sociodemographic variables studied included age, 
sex, education (highest degree), living situation (alone, 
with others), size of hometown (< 1,000; 1,000–9,999; 
≥10,000), technology interest (no, little, medium, strong 
interest), and home broadband internet connection 
(yes, no). Age was categorized into three groups, 65–70, 
71–80, and 80+. Education status was categorized as 
having ≤ 10 years or > 10 of education. Having > 10 years 
of education is the threshold needed to qualify for uni-
versity in Germany. Comorbidities were captured using 
the list from the Cumulative Illness Rating Scale for a 
geriatric population (CIRS-G) [40]. A new variable was 
computed categorizing health status in three levels: no 
comorbidities, 1–2 comorbidities, and ≥ 3 comorbidities 
[41]. Technology use was reported for two domains: (1) 
Key ICTs including smartphone, computer/laptop, and 
tablet (based on the definition in [42]), and (2) different 
AT covering devices related to single deficits/diseases, 
(instrumental) activities of daily living ((I)ADL), and 
comfort or household tasks (Table 1). For ICTs frequency 
of use (daily, weekly, rarer, never) was also collected. 

ICT-Users are defined as persons using at least one of the 
three key technologies (smartphone, laptop/computer, 
tablet). The AT were selected based on a compilation of 
the most promising devices for older adults developed 
by the senior community service of the German city of 
Hannover [43] and also included devices related to func-
tional deficits, disability and/or frailty, respectively the 
domains of a comprehensive geriatric assessment (CGA) 
such as mobility, cognition, and the ability to self-aid [44, 
45] (Table 1). Perceived benefit from technology use was 
captures using three levels: High, medium, little/no use.

The primary outcome was ICT use, defined as using at 
least one key ICT, i.e., smartphone, tablet, or computer/
laptop, or non-use. Secondary outcomes were the fre-
quency of ICT use, the use of different AT, and the ben-
efit gained from the technology used.

Study procedure
Questionnaires were sent out via the German postal ser-
vice in the beginning of April 2021. Envelopes included a 
cover letter explaining the study goals and potential risks 
and a stamped return envelope with the return address 
printed on. Informed consent was obtained from all par-
ticipants. Returned questionnaires were accepted until 
June 15th, 2021. No reminders were sent out.

Data analysis
Using the QuestorPro software (Blubbsoft GmbH) the 
questionnaire was transferred to a machine-readable 
format prior to distribution. All returned questionnaires 
were checked for inconsistencies or error-prone mark-
ings. Nine of the returned questionnaires were recorded 
manually and checked by a second researcher as they 
contained handwritten information in the margins and/
or difficult to determine checkmarks. All other ques-
tionnaires were automatically recorded by scanning the 
documents and using the software for data verification 

Table 1  Overview of assistive technologies included in the questionnaire (based on [43])
Single deficit-/ disease-related (I)ADL1- and personal-safety-related Household-, comfort- and 

exterior-safety-related
- Blood pressure monitor
- Blood sugar monitor
- Tremor spoon
- Health application
- Digital viewing aid
- GPS-locating device
- Body scale
- Hearing aid
- Doorbell/ringtone intensifier

- Mobile/ in-house emergency call
- Digital calendar
- Electronic medication dispenser
- Personal lift (e.g., for stairs, bathtub)
- Electronic stand-up aid
- Wearable device (e.g., smartwatch, fitness tracker, smart 
clothing)
- Sensor mat
- Fall detection device
- Speech recognition assistant
- Senior tablet
- Senior mobile phone
- Video call application
- Electric walker

- Lighting system (e.g., 
motion detectors, light 
sensors)
- Stove switch-off
- Water alarm/ regulator
- Landline phone
- Universal remote
- Support/ household robot
- Home automation/ smart 
home system
- Key finder
- Door/ window alarm

1 (I)ADL: (Instrumental) activities of daily living
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and extraction. Free text was recognized but had to be 
entered manually into the database. The entered data was 
verified by a second person using random samples.

Descriptive statistics were calculated as mean and stan-
dard deviation for numerical variables and as frequencies 
and percentages for categorical variables. Pearson’s chi-
square test and Fisher’s exact test were used to analyze 
categorical variables. The statistical significance was set 
at p < .05 for all tests. Data analysis and visualization was 
done using R Version 4.1.2 on R Studio Version 2023.03.1 
and Microsoft Excel Version 2304 for Windows. In addi-
tion, we calculated a Bernoulli Naive Bayes Model with 
Laplace smoothing [46] to see if there is a general trend 
between the AT and the benefit rating of the technology. 
All subjects that gave a technology benefit rating were 
included in the analysis, irrespective of ICT-use. Only AT 
with > 5 reported users in our sample were analyzed. For 
the calculation, we used the scikit-learn 1.2.2 library for 
python [47], with the default hyperparamters (alpha = 1.0, 
force_alpha = False, binarize = 0.0, fit_prior = True, class_
prior = None=). Model performance was evaluated by 
calculating the accuracy score and the receiver opera-
tor characteristics (ROC) area under the curve (AUC), 
the latter using the one-vs-rest method calculating the 
micro average. The 95% confidence intervals (CI) were 
determined by bootstrapping with 1000 iterations [48]. 
To examine whether specific devices are associated with 
the overall benefit rating of the technology, we extracted 
the conditional probability of the AT (given the benefit 
rating) from the model using the ‘feature_log_prob_’ 
attribute. For better comparability, we applied a softmax 
function to these probabilities.

Results
Six hundred and nineteen participants returned the 
questionnaire (response rate: 24.76%). Data are presented 
for 616 participants who reported on ICT use. Table  2 
shows the participant characteristics overall and strati-
fied by ICT use. The mean age was 74.22 (± 7.03) with a 
range from 65 to 101. Sex was distributed equally with 
301 (50.08%) female participants. Approximately one 
fourth (n = 148, 24.83%) of the participants had > 10 years 
of education. More than half of the participants (n = 310, 
52.19%) lived in cities/villages below 10.000 inhabit-
ants. Strong interest in technology was recorded by 121 
(19.71%) participants.

ICT use
In this study, 497 (80.68%) users and 119 (19.32%) non-
users of ICT were observed. ICT-users were noted to be 
younger, have higher levels of education, live more often 
together with others, have internet connection, to have 
a higher interest for technology, and to have on average 
less comorbidities than non-ICT-users.

There were 425 (85.51%) smartphone users, 421 
(84.71%) computer users, and 220 (44.27%) tablet users. 
Of all ICT-users, 101 (20.32%) reported using one 
device, 223 (44.87%) reported using two devices, and 
173 (34.81%) reported using three devices. For those 
using only one device, a computer was the most frequent 
one overall. Frequency of use, however, was highest for 
smartphones. Daily smartphone use was at 66.67% for 
single device users but rose above 80% for multiusers 
compared to 46%–63.64% for computer users.

There was a discrepancy between ICT ownership and 
ICT use. Among the participants, 13 (3.06%) smartphone 
owners, 28 (6.65%) computer owners, and 24 (10.91%) 
tablet owners did not use their devices (“use never”). 
While participants who only owned a smartphone always 
used it at least sometimes, participants who owned only a 
computer did not use it in 14% (n = 7) of the cases. Own-
ership was reported by 95 (19.11%) participants for one 
device, by 221 (44.47%) participants for two devices, and 
by 198 (39.84%) participants for three devices. Figure  1 
presents frequency of device use (incl. “use never”) by 
number of ICT devices owned.

AT use
AT use has been recorded for 31 different devices or 
device categories (Table  1). The most frequently used 
device was a traditional landline phone (n = 573, 93.02%), 
followed by a body scale (n = 465, 75.49%), and a blood 
pressure monitor (n = 452, 73.38%) (Fig. 2). A sensor mat, 
a digital pill dispenser, and a tremor spoon were only 
named once respectively, all three by non-ICT-users.

Several devices were exclusively used by ICT-users, 
namely a video call application, a digital calendar, a 
speech recognition assistant, a health application, a sup-
port/household robot, a GPS locating device, a smart-
home system, a senior tablet, and a key finder. The 
following AT were used with a higher ratio among non-
ICT-users compared to ICT-users: a senior mobile phone 
(19.33% vs. 3.22%), an in-house emergency call (13.45% 
vs. 1.01%), a hearing aid (26.89% vs. 16.7%), a personal lift 
(7.56% vs. 1.61%), and an electronic stand-up aid (4.2% 
vs. 0%).

Participants owned between zero and 12 different AT. 
The amount of owned AT within our study population 
showed a right skewed distribution with a mode of 3 and 
a median of 4 devices. Seven (1.14%) participants owned 
no AT and nine (1.5%) participants owned ≥ 10 devices. 
While all participants owning ≥ 10 AT were exclusively 
ICT-users, overall, no significant difference was found 
regarding ICT-use and the number of AT devices owned 
(Fig. 3).
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Technology benefit
There were 476 (77.27%) participants who reported their 
perceived overall benefit from the used technology (ICT 
and AT combined). Most people indicated a high benefit 
(n = 287, 60.29%), followed by medium (n = 154, 32.35%), 
and little or no benefit (n = 35, 7.35%). There was a signifi-
cant difference between ICT-users and non-ICT-users 
(p < .001). Only about 4.15% of ICT-users reported low or 
no benefit gained from the used technology. In contrast, 
among non-ICT-users this rating was more frequent, 
with 27.27% reporting low or no benefit. High benefit 
was reported by users of more innovative AT such as 
smart home systems, support/household robots or health 
applications.

The Bernoulli Naïve Bayes analysis could estimate the 
technology benefit rating from the presence or absence 
of owned AT with an accuracy of 0.62 (95% CI 0.58–0.67) 

Table 2  Characteristics of the study population by ICT-users and non-ICT-users
Total
(n = 616; 100%)

ICT-users
(n = 497; 80.68%)

Non-ICT-users
(n = 119; 19.32%)

P

n(%) na n(%) na n(%) na
Age (years) 1 1 0 < .0011*
mean (SD) 74.22 (7.03) 72.74 (5.97) 80.35 (7.8)
65–70 237(38.54) 220(44.35) 17(14.29)
71–80 252(40.98) 210(42.34) 42(35.29)
80+ 126(20.49) 66(13.31) 60(50.42)
Sex 15 12 3 .1851

Female 301(50.08) 236(48.66) 65(56.03)
Male 300(49.92) 249(51.34) 51(43.97)
Education 20 15 5 < .0011*
≤ 10years 448(75.17) 344(71.37) 104(91.23)
> 10 years 148(24.83) 138(28.63) 10(8.77)
Living situation 1 1 0 .0081*
Alone 161(26.18) 118(23.79) 43(36.13)
With others 454(73.82) 378(76.21) 76(63.87)
Size of hometown 22 17 5 .451

< 1,000 51(8.59) 38(7.92) 13(11.4)
1,000–9,999 259(43.6) 209(43.54) 50(43.86)
≥ 10,000 284(47.81) 233(48.54) 51(44.74)
Internet connection 7 5 2 < .0011*
Yes 524(86.04) 474(96.34) 50(42.74)
No 85(13.96) 18(3.66) 67(57.26)
Technology interest 2 2 0 < .0012*
Strong 121(19.71) 118(23.84) 3(2.52)
Medium 327(53.26) 304(61.41) 23(19.33)
Little 119(19.38) 67(13.54) 52(43.7)
Not at all 47(7.65) 6(1.21) 41(34.45)
Health status 0 0 0 .0082*
No comorbidities 46(7.47) 43(8.65) 3(2.52)
1–2 comorbidities 247(40.1) 206(41.45) 41(34.45)
≥ 3 comorbidities 323(52.44) 248(49.9) 75(63.03)
1Calculated using Pearson’s Chi-square test
2Calculated using Fisher’s Exact Test
*p < .05

Fig. 1  Frequency of device use by number of ICT devices owned with the 
number of participants on the y-axis
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and an ROC AUC of 0.82 (95% CI 0.8–0.84). The empiri-
cal probabilities for presence or absence of an AT (given 
the technology benefit rating) after applying a softmax 
function are presented in Fig. 4, which can be understood 
as displaying the predictive power of the technology ben-
efit rating for the relative use of different AT. Little or no 
technology benefit was inversely related to the use of a 
video call application, a digital calendar, a health applica-
tion, and a speech recognition assistant. In other words, 
comparatively few people who reported little or no ben-
efit from technology used these devices. In turn, a high 
technology benefit was inversely related to the use of a 
senior mobile phone and an emergency call button.

Fig. 3  Distribution of the total number of different AT owned by ratio of 
ICT-user vs. non-ICT-users. Numbers above the lines indicate the sum of 
ICT-users and non-ICT-users using the respective amount of different AT 
depicted on the x-axis

 

Fig. 2  Total use of AT by ICT-users and non-ICT-users
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Discussion
ICT and AT have the potential to improve independence, 
increase safety, and help users stay socially connected 
[49, 50]. These aspects are especially important for older 
adults and high hopes are being put in the use of technol-
ogy to assist healthcare providers [17]. This study pres-
ents a comprehensive overview of technology use among 
older, community-dwelling adults for both key ICT 
(smartphone, computer/laptop, and tablet) and a range of 
different AT, including those specifically for frailer older 
adults.

Regarding ICT-use, it could be shown that younger 
age, higher level of education, living together with others, 
the availability of an internet connection, higher interest 
in technology, and a better health status are associated 
characteristics. Other studies with older adults had simi-
lar results and identified higher education, higher income 
level, and better overall health status to be associated 
with an increased likelihood of technology use among 
older adults [5, 34]. No association could be found for 
the size of the hometown. This is in contrast to a recent 
study from the United States that found that older adults 
who live in rural areas tend to use less technology [30]. 
One explanation could be that the population density is 
much higher in Germany and even rural areas are usually 
well accessible. Other studies showed that female gender 
and living alone increased the likelihood for technology 
uptake, contradicting the results presented here [5, 51]. 
A recent review confirms these apparent inconsistencies 
within the current research, stating that the influence 

of sociodemographic variables and health condition on 
technology uptake remains unclear [35].

Overall, ICT-use or non-use was not significantly asso-
ciated with the number of different AT owned. However, 
similarly to other research, the association was signifi-
cant when looking at individual devices or device groups 
[32]. The present study confirmed that non-ICT-users are 
exempt from many potentially beneficial AT that rely on 
a smartphone or other mobile device. Examples are video 
call systems, health applications (used to e.g., monitor 
chronic diseases), digital calendars, smart home systems, 
GPS locating devices, or speech recognition assistance 
systems. Perceiving the overall technology benefit as 
high was associated with the ownership of many of these 
devices. Likewise, estimating the overall technology ben-
efit rating from AT use in a Bayesian Model yielded good 
results (ROC AUC 0.82). There were some AT for which 
the usage rate was higher among non-ICT-users such as 
an in-house emergency call, a hearing aid, or a personal 
lift. These devices are related to functional deficits and 
multimorbidity which is consistent with the results that 
non-ICT-users are older and have more comorbidities. 
Interestingly, a senior mobile phone was used about six 
times as frequently among non-ICT-users compared 
to ICT-users. This suggests that non-ICT users have a 
desire to remain connected and engaged but might not 
feel comfortable with using a smartphone.

About 96% of ICT-users reported high or medium per-
ceived benefit gained from using technology, confirming 
the potential and advantages of technology use. However, 
across the entire study population, including ICT-users, 
AT remained largely underused. Classic devices such as a 
landline phone, a body scale, and a blood pressure moni-
tor remain the most used and newer, more innovative 
technologies lack behind [7]. While existing studies show, 
that older adults are generally willing to use technology 
[2], several aspects can explain the current trend. First, 
AT, particularly modern and innovative ones, can arouse 
distrust regarding functionality and privacy. Also, many 
devices are not developed with the target group in mind, 
reducing usability [52, 53]. Second, technological devices 
can be expensive, and many older adults may not be able 
to afford them [54]. Most AT are not (yet) covered by 
insurance or other forms of financial assistance, keep-
ing them out of reach for many individuals. Third, while 
the market offers an abundance of AT solutions, many 
devices are only available online and service providers 
or healthcare professionals lack the knowledge to give 
appropriate recommendations [55]. This gap in avail-
ability and knowledge limits access to AT for many older 
adults. Last, the use of AT can raise concerns about social 
isolation and dependency. Some older adults may feel 
that using modern AT makes them more reliant on oth-
ers for technological assistance, which can be detrimental 

Fig. 4  Association of the technology benefit rating with the relative use 
of different AT. All subjects that gave a technology benefit rating were in-
cluded, irrespective of ICT-use. Only AT with n > 5 reported users in our 
sample were included in the analysis. Displayed are the empirical prob-
abilities for an AT given the technology benefit rating after applying a 
softmax function
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to their self-esteem and overall well-being [54, 56]. For 
many AT, the numbers reported in this study were too 
small and larger sample sizes are needed to conduct con-
clusive analyses. However, it has been found that factors 
that affect adoption of technology might be the same 
across different types of devices [35].

Around 3% of participants (n = 18) also added house-
hold items, standard entertainment devices, or sports 
equipment as AT they use in their daily life, highlight-
ing the issue that the term assistive technology is a very 
broad umbrella term that makes homogeneous research 
difficult [17]. A 2015 definition by the World Health 
Organization states that AT include “any item, piece of 
equipment or product, whether it is acquired commer-
cially, modified or customized, that is used to increase, 
maintain or improve the functional capabilities of indi-
viduals with disability” [57, p.14] and thus confirms 
this heterogeneity. We believe that there is a relevant 
difference between AT that are developed to improve 
autonomy and independence versus those that are well 
established and primarily related to exterior safety or 
comfort. For a more focused scientific and societal 
appraisal of these devices, we propose to highlight items 
that are associated with use-cases related to (I)ADL or 
clear deficits/ diseases (high impact on autonomy) and 
to separate them from devices that are closer linked to 

household tasks, comfort, and exterior safety (low impact 
on autonomy) (Fig. 5).

As an example, a patient suffering from diabetes but 
without further restrictions does not have the same 
needs as a person suffering from diabetes who also has 
polyneuropathy and mobility, visual, and hearing impair-
ments. Both use-cases could however, benefit from AT 
in terms of autonomy and independent living. An exter-
nal webcam, a landline-phone, or automatic lighting 
are much less relevant for independent living and more 
comfort related [58]. A CGA provides a multidisciplinary 
view of the patient and could help to identify the most 
promising AT for an individual by separately evaluating 
ADL and IADL, mobility, emotion including loneliness, 
nutrition, social network, and others [58]. There are dif-
ferent examples that can be mentioned: lonely people 
could be offered easy to use senior phones or tablets, 
people with IADL difficulties could be further evalu-
ated for electronic medication dispensers, prefilled by 
caregivers, or people with frequent falls could use wear-
ables with fall detection. Thus, we suggest considering 
the domains of a CGA when categorizing different AT 
to identify all deficits and resources of an individual and 
enhance understanding, and ultimately use of AT among 
the target population. In case it is not possible to perform 
a full CGA, other screening tools focusing for example on 

Fig. 5  Proposal for separation of AT into three categories with different goals and different levels of impact on autonomy and independent living
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frailty (such as the Clinical Frailty Scale [59]), ADL (such 
as the Barthel Index [60]), or increased risk (such as the 
Identifying Seniors at Risk (ISAR) score [61, 62]) could be 
used.

With almost 25%, the response rate for this study was 
higher than expected considering that no reminders 
or incentives were given. This might have been due to a 
general interest in the topic. Another explanation might 
be the restrictions due to the Covid-19 pandemic that 
caused more people to be at home with spare time on 
their hands. Other cross-sectional studies with older par-
ticipants reported response rates between 40 and 60%, 
but made use of interventions to boost responses (such 
as sending out reminders [38, 63, 64] or cooperating with 
doctor’s offices [65]).

Limitations
For this study, addresses were only obtained from one 
county in Southern Germany. A regional bias in the 
data is possible and generalizability might be limited 
to predominantly rural areas in countries with similar 
economic status and level of digitalization as Germany. 
Additionally, the second largest registration office denied 
our request for address data. Older adults with severe 
physical or cognitive impairments are less likely to par-
ticipate, resulting in a potential sample bias. Addition-
ally, no pre-selection was made regarding sex. As there 
are more female citizens in the age group ≥ 65, a potential 
oversampling of female participants is likely. The ques-
tionnaire used was developed by the research team and 
did not undergo a validation process. The questionnaire 
was not tested in a rigorous manner. Possible misunder-
standings with respect to the definition of an AT may 
explained the heterogeneity in the answers. Furthermore, 
there is no information available on how participants 
answered the questionnaire (e.g., with the help from a 
relative). As the questionnaires were returned anony-
mously, it can also not be determined if the person, the 
questionnaire was addressed to, was the one answer-
ing the questions or if the document was handed to the 
partner or someone else. Last, as this is a cross-sectional 
study, no causal relationships can be determined from 
the analysis.

Conclusion
This study presented insights into the use of key ICT as 
well as standard and technologically advanced AT among 
older, community-dwelling adults. While most older 
adults aged ≥ 65 use some type of technology, newer, 
more innovative AT appear underutilized. Additionally, 
the use of AT related to functional deficits (IADL) and 
to certain diseases (morbidity), remains low, while more 
ordinary household devices and ICT are highly utilized. 
However, for those who do use technology, the perceived 

benefits are high. To find a common language and to 
categorize these tools for research purposes among frail 
older people we propose a categorization to separat-
ing disease-, IADL- and personal safety-related devices 
with higher potential impact for autonomy from exterior 
safety-/ comfort-related AT and established household-
related items with a lower impact.

Research and development that focuses especially on 
the first two categories could leverage independent living 
in challenging situations. By providing insight into the 
characteristics associated with the use or non-use of ICT 
and AT, this study can assist community workers and 
policy makers with targeting relevant information and 
specific programs.
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