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Abstract: A lack of personnel in care institutions and high proportions of older people in need of care
pose central challenges for today’s aging society, often resulting in the hospitalization of geriatric
patients. In many cases, these hospitalizations are not medically necessary and cause deterioration
of health. Applying telemedicine in nursing homes represents one approach aimed at a reduction
of unnecessary hospitalizations of geriatric patients and supporting care personnel in medically
uncertain situations. For a sustainable and successful implementation of technical innovations such
as telemedical consultations, the care personnel’s perspectives and acceptance are especially essential.
The Optimal@NRW project implemented telemedical consultations in 24 nursing homes in Germany,
investigating medical and economic efficiency and in particular also the social acceptance of digital
care in nursing homes. This paper presents quantitative results comparing the acceptance evaluations
before (PRE: N = 130) and after (POST: N = 87) the implementation of the telemedical consultations in
the nursing homes from the perspective of care professionals. The results showed positive evaluations
of the telemedical consultations in both evaluation phases: POST evaluations especially showed a
lower evaluation of perceived barriers of using telemedical consultations in nursing homes. This
study’s insights enable one to derive guidelines and recommendations regarding the communication
and information of telemedical applications considering the needs and wishes of care personnel as a
central user group.

Keywords: technology acceptance; telemedicine; nursing homes; care professionals; pre-post-evaluations

1. Introduction

The demand for the care of geriatric patients has constantly risen due to demographic
change and resulting increases in (multiple) chronic diseases and care dependency [1–3].
Thereby, shortages of skilled care professionals contrast with a too high proportions of
geriatric patients in need of care, leading to high burdens in the care sector [4]. Focusing
on the most vulnerable group of geriatric patients in nursing homes, acute medical emer-
gency care for geriatric patients needs to be considered since acute situations in nursing
homes often lead to unnecessary hospitalizations. This is particularly the case outside
the hours during which general practitioners are typically available for consultation [5,6].
Telemedical consultations in acute situations in nursing homes have the potential to relieve
care personnel and to reduce unnecessary hospitalizations of geriatric patients. However,
the social acceptance of using telemedicine in nursing homes is essential. Therefore, this
paper analyzes care professionals’ acceptance of using telemedical consultations in acute
situations in nursing homes, comparing evaluations prior and after the implementation of
the telemedical equipment and processes.
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The paper is structured as follows: First, the theoretical background and the resulting
research gap the underlying research project focuses on as well as the specific hypotheses
being addressed in this paper are described. Following that, the empirical design is
presented, including the specific characteristics of the questionnaire design and the sample.
Then, the results are described comparing pre- and post-implementation evaluations.
Finally, the results are discussed and recommendations for future development and research
on telemedical approaches are derived.

1.1. Motivation

Prior research on the hospitalization of geriatric patients has demonstrated that approx-
imately 20% of nursing home residents are hospitalized at least once annually. Furthermore,
40% of these hospitalizations were identified as premature or unnecessary [5,7].

In addition to emotional stress caused by these hospitalizations, the usually long wait-
ing times in emergency departments, representing an unfamiliar environment, frequently
trigger delirium: in particular in patients with dementia, higher levels of dependency due
to frailty represent the consequences of the hospitalizations [8,9]. This effect is observed
especially outside the regular consultation hours of primary care physicians in combination
with the increasing workloads of care personnel in nursing homes (e.g., low proportion
of personnel during night shifts). The main reasons for these so called “ambulatory-care
sensitive conditions” have not been finally clarified, but it can be assumed that sub-optimal
outpatient medical care of the nursing home residents (e.g., shortages of personnel, poor
accessibility, and coverage by primary care physicians) seems to be responsible. Technical
solutions have the potential to address precisely these problems.

1.2. Telemedicine as Potential Solution

Applying digital approaches has the potential to address the main challenges caused
by demographic change in terms of delivering care to geriatric patients in acute situations
and relieving the care personnel [10,11]. The value and meaning of information and com-
munication technologies (ICT) for healthcare applications in line with their socioeconomic
benefits in healthcare have been highly acknowledged in recent years [12]. This has led
to numerous developments and research projects focusing on eHealth and telemedical
applications, being fueled of course by the necessity of alternative solutions during the
COVID-19-pandemic [13,14].

Telemedicine refers to patient-centered healthcare services being delivered with the in-
volvement of healthcare providers. It uses ICT [15] and covers a broad range of applications,
such as those addressing doctor–patient communication to applications for communica-
tion between medical professionals, such as telemedical intensive care [16] or telemedical
emergency care [17]. Beyond that, telemedical applications use advanced control methods
and sensor fusion to assist medical professionals during complex surgeries [18,19].

Such approaches have multiple benefits, but also (perceived) barriers that may in-
fluence the final acceptance and decision to use the technologies. The most prominent
arguments are summarized in the following. Overall, telemedicial approaches are applied
to improve healthcare delivery. With regard to geriatric care, one major benefit of using
telemedicine lies in an improved access of geriatric patients to healthcare, enabled by re-
motely connecting with physicians [20,21]. Other benefits of using telemedical approaches
include an enhanced quality of healthcare and more efficient health care services [22].
Central benefits lie also in the efficiency and added safety of telemedical consultations
compared to conventional care. Here, advanced control methods and continuous moni-
toring enable safe and effective operations of telemedical services. Beyond the benefits
telemedical applications bring along, there are barriers and concerns that frequently lead to
telemedicine projects not being pursued after their test phase and not being established
in regular care processes [23]. Exemplary barriers often refer to the time and financial
resources of handling the telemedical processes, technical infrastructure, preferences for
consultations on site, or ethical concerns [24,25].
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Numerous telemedicine and eHealth approaches are funded as national and interna-
tional research projects. For example, the EU project PAAL (Privacy-Aware and Acceptable
Lifelogging services for older and frail people) focused on developing and analyzing differ-
ent video-, sensor-, and speech-based systems, aiming at a support of older and frail people
in their everyday lives [26]. The project AIDA represented another example in Germany,
focusing on the medical care of nursing home residents. It was aimed at the preparation of
nursing homes for using telemedicine to ensure adequate care for older people [27].

Despite the potential and benefits of technical solutions and promising research
projects, it is still difficult to successfully realize the transfer of project phases into the
standard care processes of national health insurance funds. Beyond financial, structural,
and organizational difficulties, the acceptance of all involved stakeholders—especially
professional caregivers, patients, and physicians—represents a relevant prerequisite for the
successful and sustainable implementation of usable telemedical approaches and applica-
tions in care settings.

1.3. Acceptance and Perception of Telemedicine

Research on technology acceptance and use has intensively increased over the last few
decades in very diverse disciplines, e.g., psychology, social sciences, or business economics.
The majority of the approaches concentrated on the willingness to use technology as well
as using conditions and human factors as potential influencing factors on acceptance. As
the most established and successful acceptance models, the TAM [28] and UTAUT [29]
originated from the ICT working context, but they are frequently applied and adapted
to different contexts, in particular also to technologies being used for healthcare [30].
However, these models focused in particular on two relevant parameters as good predictors
for the behavioral intention to use a specific technical application: the perceived ease
of use and perceived usefulness. Hence, it can be critically argued that they disregard
technology- or context-specific parameters. Beyond that, research on the acceptance of
assisting technologies showed that specific perceived benefits and barriers are also relevant
for the acceptance and willingness to use [31]. Therefore, specific perceived benefits and
barriers should also be considered, identified, and quantified for the specific application of
using telemedical consultations in nursing home settings.

Focusing on the specific application of using telemedical technologies,
research (e.g., [15,32]) has validated the central dimensions of the TAM model, i.e., per-
ceived ease of use and perceived usefulness, as impacting parameters on the attitude
towards telemedicine and the concrete behavioral intention to use telemedicine. In addi-
tion, technological anxiety, social influence, trust, facilitating conditions, perceived risk,
and resistance to technology were identified as relevant factors for the acceptance of
telemedicine [32]. Other studies [33,34] have revealed that the experiences with telemedicine,
e.g., in terms of trust, satisfaction with the telemedical services, and information quality, are
decisive for the acceptance and intention to use: they have the potential to influence the ac-
ceptance and evaluations positively. These results suggest that evaluations of telemedicine
may differ depending on having or not having previous hands-on experiences with the
respective telemedical application.

Beyond these rather general aspects, previous research on the acceptance of assisting
health technologies has shown that individual human factors also impact perceptions and
acceptance. In more detail, demographics, technology expertise, and care experience were
identified as relevant influencing factors (e.g., [35,36]). With regard to the latter, previous
research identified that care professionals have more restrained attitudes towards assistive
applications and telemedical approaches compared with other user groups [36]. The
implementation and sustainable usage of innovative technological approaches in nursing
homes can only be successfully realized if the respective care personnel is willing to use it.
Hence, individual factors and in particular the perspective of care professionals should be
taken into account when the acceptance of telemedical applications is analyzed.
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1.4. Research Gap and Hypotheses

Overall, previous research on the acceptance of telemedical approaches has predom-
inantly focused on hospital settings (e.g., [30,34]) or private home settings, addressing a
rather generic population [32]. In contrast, analyzing care professionals’ acceptance of
telemedical consultations in nursing homes to support the care of geriatrc patients in acute
situations has hardly been investigated. Therefore, it was one central aim of the underlying
Project Optimal@NRW to analyze the acceptance of using telemedical consultations in
nursing homes, comparing initial perceptions and attitudes with perceptions and accep-
tance after having the opportunity to use telemedical consultations in acute situations on a
regular basis.

Based on previous research [33,34]—suggesting that usage experience has positive
effects on the acceptance and evaluation of using telemedical applications—the following
hypotheses were derived:

H1. Care professionals’ acceptance is higher in post-implementation evaluations compared to
pre-implementation evaluations.

H2. Care professionals’ assessment of perceived benefits is more positive in post-implementation
evaluations compared to pre-implementation evaluations.

H3. Care professionals’ assessment of perceived barriers is less negative in post-implementation
evaluations compared to pre-implementation evaluations.

H4. Care professionals’ assessment of conditional requirements is lower in post-implementation
evaluations compared to pre-implementation evaluations.

H5. Explaining factors for care professionals’ acceptance differ depending on pre- and post-evaluations.

2. Materials and Methods

This section described the empirical design of our conducted studies, starting with
the underlying project’s course and the overall empirical approach. Subsequently, the
study design of the pre- and post-implementation assessments are detailed, followed by
the procedures of data analysis as well as the characteristics of the sample.

2.1. Project Course and Empirical Approach

Although the number of projects focusing on telemedical applications has increased
in recent years, previous projects and technical solutions have neither been realized in
terms of a concrete transfer to standard care of the national health insurance nor have been
rolled out large-scale. Therefore, central tasks for current and future research lie in an
implementation and standardization of telemedical applications and processes, proof of
medical evidence, and analyzing ways of cost coverage by health insurance companies,
as well as the investigation of acceptance of all involved stakeholders. These tasks are
necessary, aiming at a sustainable use and adoption of telemedicine in nursing homes.

The underlying research project Optimal@NRW (for more details, see [37]) addressed
these tasks by representing an intersectoral approach providing acute care and support for
geriatric patients realized by telemedical consultations in 24 nursing homes. In particular,
the super-ordinate aim of the project focused on the reduction of inadequate hospital
admissions in ambulatory care-sensitive hospital cases and improved medical care in
nursing homes. Technical and medical details are considered separately and can be studied
here [37].

In addition to medical research perspectives and an evaluation of the economic ef-
ficacy of the implemented processes, the project also integrated a social communication
science perspective. In this regard, empirical research approaches realized assessments of
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user-related acceptance by investigating the perceptions, requirements, and wishes of the
relevant stakeholders, i.e., the residents of nursing homes and their care personnel.

The actions and opinions of the care personnel determined whether processes and
structures were sustainably applied in the professional everyday life in nursing homes.
Therefore, it was precisely the perspective of this specific user group that was aimed at and
had to be considered, analyzed, and understood within the entire project.

The entire project, including all studies of the different project partners, was reviewed
and approved by the Ethics Committee at the RWTH Aachen Faculty of Medicine. As
mentioned above, 24 nursing homes participated in the project. Inclusion criteria for the
geriatric patients—who were not focused on as participants in the study presented here—
were detailed in [37]. Beyond that, all care professionals working in the 24 nursing homes
had the opportunity to take part in the empirical studies regarding the acceptance and
evaluation of the telemedical consultations. Participation was voluntary, and there were no
exclusion criteria for the participant group of care professionals.

Overall, three phases of the project had to be distinguished: pre-implementation, im-
plementation, and post-implementation. In each of the three phases, technology acceptance
and perception were investigated, applying multi-faceted empirical approaches consisting
of qualitative interview and quantitative survey studies. Within these studies, the perspec-
tives of the geriatric patients (predominantly in qualitative studies) and in particular the
perspectives of care professionals were focused on. In this paper, the quantitative results
comparing the care personnel’s evaluation of the pre- and the post-implementation phases
are presented.

2.2. Questionnaire Design

In both phases, a questionnaire was used to collect the opinions and assessments of
the care personnel. As only small proportions of the nursing homes had the opportunity to
provide the questionnaire online to their care personnel, the majority of the respondents
filled out printed paper questionnaires.

The questionnaire consisted of three parts. In the first part, the participants were
asked for demographic information such as their age, gender, living situation, and current
occupation. In addition, the participants indicated previous care experiences as well as the
duration they had worked at their respective nursing homes.

In the second part, a description of the underlying project and the telemedical
infrastructure—the ones the participating care professionals were working with—was
provided as a baseline for the subsequent assessment of the telemedical consultations.
These descriptions and visualizations were kept constant for both questionnaires (pre and
post) and are detailed below (also already referenced in [38]):

“In the Optimal@NRW project, telemedical technology is being introduced and tested
in various nursing homes in the region of Aachen. Once introduced, it will be possible
for the on-site care personnel to request support in emergency situations via the central
emergency number (116117) of the Association of Statutory Health Insurance Physicians.
The trained staff at the center will decide whether the specific case is suitable for telecon-
sultation or whether another step must be taken. If the requirements for a teleconsultation
are met, a wheeled stand equipped with a camera, monitor, microphone, and specific
medical technology equipment (for measuring blood pressure, oxygen saturation, pulse,
and temperature) is pushed into the patient’s room. Then, a specialist is available in a time
period of maximum 10 min. The physician can communicate live with the patient and the
care personnel and view the electronic patient file. Once the patient’s medical history has
been taken, the telemedicine specialist decides on the next course of action. If necessary,
he or she can, for example, order the deployment of a specially trained mobile nurse to the
nursing home, who can then carry out interventions on site, such as changing a catheter.
Actions such as these can prevent a resident from being rushed to hospital, instead of
being able to remain in their familiar environment. At the same time, long waiting times
for the difficult-to-reach general practitioners or specialists should be avoided.” [38]
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The third part focused on the participants’ assessment of the telemedical consultations.
For this purpose, the participants evaluated their attitude towards telemedical consultations
based on three items (Cronbach’s α = .97) as well as their intention to use the telemedical
consultations, also based on three items (Cronbach’s α = .85). The assessed items were
presented in Figure 1. Further, perceived benefits of using telemedical consultations were
assessed based on 10 items (Cronbach’s α = .96; all items are presented in Figure 2), just
like the evaluation of perceived barriers (Cronbach’s α = .94; all items are presented in
Figure 3). In addition, the participants evaluated relevant conditionals of using telemedical
consultations based on five items (Cronbach’s α = .92). The respective items are presented
in Figure 4. All these measured items (referring to the evaluation of the telemedical
consultations) were assessed on six-point Likert scales (min = 1; max = 6), whereas the value
of 3.5 represented the mid-point of the scale. Hence, values < 3.5 indicated rejection, while
values > 3.5 indicated acceptance of an item/benefit/barrier/conditional requirement.

Finally, we thanked the participants for their time spent with our empirical studies,
and the participants had the opportunity to provide feedback on the topic, the project, or
the questionnaire on an optional basis.
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2.3. Data Analysis

Reliability analyses (Cronbach’s α > 0.7) ensured the quality of all measured constructs
(i.e., intention to use, attitude towards telemedical consultations, perceived benefits, per-
ceived barriers). In addition to descriptive statistics (means (M), standard deviations (SD),
and relative frequencies (%)), analyses of variance (ANOVA) were used to investigate
differences between the assessment before and after the implementation and usage of the
telemedical consultations. Thereby, the F-ratio was reported as a calculated test statistic. For
the analysis of relationships between the investigated constructs, regression analyses were
used separately for the pre- and post-implementation evaluations. This type of analysis was
selected as it enabled the determination of the strength of the relationships between specific
constructs, as well as the proportions with which variables explain a target construct [39].
Furthermore, regression analyses had fewer requirements for the samples examined and
their sizes (i.e., 10 data sets per predictor) than other methods, such as structural equation



Electronics 2024, 13, 3022 8 of 16

models. As both samples examined met the aforementioned requirements, regression
analyses were employed. The level of significance was set at 0.05, and values above the
significance level (p > 0.05) were interpreted as not significant (n.s.).

2.4. Characteristics of the Sample

Overall, N = 217 care professionals took part in the pre- and post-implementation
studies. For the pre-implementation phase, n = 130 data sets were used, while n = 87 data
sets were analyzed for examination of the post-implementation phase. The participants
were, on average, 37.4 years old (SD = 12.0, min = 19, max = 65) and predominantly female
(71.9%, n = 156; male: 21.2%, n = 46; diverse: 2.3%, n = 5; not indicated: 4.6%, n = 10).
Related to their living situation, most of the participants reported to live together with
another person (43.5%, n = 81) or with their families (40.3%, n = 75), while only 16.1%
(n = 30) indicated living alone (not indicated, n = 31). The participants were additionally
asked for previous private care experience outside the professional everyday life: here,
33.2% (n = 72) indicated that a person in their close environment was in need of care
(passive experience) and 60.4% (n = 131) participants reported that they had already cared
for a person in need of care in their close environment (active experience). Related to their
professional experience, 16.8% (n = 32) reported working in their nursing home for less
than one year, while more participants reported working there for between 1 and 3 years
(29.8%, n = 57), between 5–10 years (27.2%, n = 52), or even more than 10 years (26.2%,
n = 50 and not indicated: n = 26).

So far, the characteristics of the whole sample of participants have been introduced. As
this paper is aimed at a comparison of the pre- and post-implementation evaluations, the
samples of both study phases also had to be analyzed and compared. As shown in Table 1,
both samples did not differ significantly regarding demographic characteristics (such as
age, gender, or living situation) nor considering care-related aspects (i.e., private active and
passive care experience, duration of working in their specific nursing homes). Hence, both
samples had similar distributions of all characteristics and allowed a comparison of both
studies, with them not being influenced by unequal distributions.

Table 1. Characteristics of samples depending on pre- and post-implementation.

Variable PRE
(n = 130)

POST
(n = 87)

Statistical
Difference

Age M(SD) 38.7 (12.4) 35.6 (11.2) F(1,210) = 3.656;
p = .06; n.s.

Gender

female
male
diverse
not indicated

75.4% (n = 98)
20.8% (n = 27)
3.8% (n = 5)
–

75.3% (n = 58)
24.7% (n = 19)
–
n = 10

F(1,206) = .280;
p = .597; n.s.

Living
Situation

with 1 person
with family
alone
not indicated

44.1% (n = 56)
38.6% (n = 49)
17.3% (n = 22)
n = 3

42.4% (n = 25)
44.1% (n = 26)
13.6% (n = 8)
n = 28

F(1,185) = .676;
p = .412; n.s.

Active
Care Exp.

yes
no

60.8% (n = 79)
39.2% (n = 51)

59.8% (n = 52)
40.2% (n = 35)

F(1,216) = .319;
p = .532; n.s.

Passive
Care Exp.

yes
no

31.5% (n = 41)
68.5% (n = 89)

35.6% (n = 31)
64.4% (n = 56)

F(1,216) = .022;
p = .883; n.s.

Duration
working
in nursing
home

<1 year
1–3 years
5–10 years
>10 years
not indicated

21.8% (n = 27)
29.8% (n = 37)
21.8% (n = 27)
26.6% (n = 33)
n = 6

7.5% (n = 5)
29.9% (n = 20)
37.3% (n = 25)
25.4% (n = 17)
n = 20

F(1,190) = 3.364;
p = .068; n.s.
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3. Results

Within this section, the results of the pre- and post-implementation evaluations are
described. First of all, the comparison of both studies was focused. Subsequently, the
relationships between the evaluated constructs and the impacting parameters are presented.

3.1. Comparing Pre- and Post-Evaluations (H1–4)

As a baseline, the results related to the acceptance of using telemedical consultations in
nursing homes are presented to assess H1 (see Figure 1). Overall, the participants showed a
positive attitude towards telemedical consultations (F(1,215) = 2.197; p = .140; n.s.) as well
as a positive intention to use telemedical consultations (F(1,215) = 2.255; p = .135; n.s.),
independent from the pre- and post-implementation evaluations. Beyond both constructs,
this was also true for all single items.

In line with this (see Figure 2) and evaluating H2, the results of perceived benefits
of using telemedical consultations showed an equal confirmation being not significantly
influenced by the pre- and post-implementation assessments (F(1,215) = .813; p = .368; n.s.).
This evaluation pattern was identified for all single items related to perceived benefits,
covering general benefits such as shorter waiting times (F(1,215) = 1.684; p = .196; n.s.),
personnel-related benefits like relief of the care personnel (F(1,215) = .689; p = .407; n.s.), and
patient-related benefits, e.g., Avoiding of stress and health deterioration (F(1,215) = .210;
p = .647; n.s.).

Perceived barriers were also assessed by the participants in relation to the pre- and
post-implementation studies (H3). As can be seen in Figure 3, differences in the pre- and
post-implementation evaluations are more visible compared to the evaluations of acceptance
or perceived benefits. Overall, perceived barriers were slightly confirmed within the pre-
implementation evaluation (M = 3.68; SD = .96), while a rejection (M = 2.91; SD = 1.03)
was identified in the post-implementation evaluation (F(1,215) = 31.96; p < .01; η2 = 0.129).
This evaluation pattern has been identified for all single barriers except for invasion of
privacy, which was overall rejected and not evaluated differently depending on the pre- and
post-implementation studies (F(1,215) = 3.094; p = .08; n.s.). The most striking differences
were found for barriers related to the technical realization and handling in terms of technical
failures (F(1,215) = 28.00; p < .01; η2 = .115, technical errors (F(1,215) = 35.41; p < .01;
η2 = .141), errors in operation (F(1,215) = 31.69; p < .01; η2 = .128), and in particular the
concern that doctors are not easy to understand (F(1,215) = 39.68; p < .01; η2 = .156). All
these barriers have in common the fact that they received the participants’ agreement in the
pre-implementation phase and were slightly to clearly rejected in the post-implementation
evaluation. All other single barriers showed this evaluation pattern, but at a less pronounced
level (η2 < .10).

In addition to their acceptance, perceived benefits, and barriers, the participants also
evaluated relevant conditionals of using telemedical consultations (Figure 4, H4). The
results showed slight differences between the pre- and post-implementation evaluations,
revealing higher confirmations (F(1,208) = 3.479; p < .05; η2 = .023) of the conditionals within
the pre-implementation phase (M = 4.85; SD = .88) compared to the post-implementation
evaluation (M = 4.48; SD = .83). This pattern was found for all single conditionals on a
similar level, except for creating technical conditions (F(1,206) = .361; p = .549; n.s.), which
was similarly confirmed independent from the two evaluation phases.

3.2. Relationships and Impacting Parameters (H5)

In the following, the results were analyzed with regard to the relationships between
the acceptance and perception evaluations of using telemedical consultations as well as
potential impacting factors. Figure 5 summarizes the most relevant results from regression
analyses conducted separately for the pre- and post-implementation evaluations.

Starting with the pre-implementation study, the results revealed that 49.3% (adj.
r2 = .493) of the variance of the attitude towards telemedical consultations can be ex-
plained by the perceived benefits (β = .603; p < .01) and the relevant conditionals (β = .150;
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p < .05) of using telemedical consultations. In addition, 74.3% of the variance of the con-
crete intention to use telemedical consultations can be predicted by the attitude towards
telemedical consultations (β = .720; p < .01).

Moving to the post-implementation study, even more variance of the attitude to-
wards telemedical consultations can be explained (80.3%) based on the perceived benefits
(β = .579; p < .01) and the perceived barriers (β = −.330; p < .01). Beyond that, 87.0% of the
variance of the intention to use telemedical consultations can be predicted by the attitude
towards telemedical consultations (β = .792; p < .01).

Influencing parameters on the acceptance of telemedical consultations (PRE)

Perceived Benefits

Perceived Barriers

Conditionals

Attitude towards
telemedical

consultations
(adj. r2=.493)

Intention to use
telemedical

consultations
(adj. r2=.743)

.603**

.730**

.150*

Influencing parameters on the acceptance of telemedical consultations (POST)

Perceived Benefits

Perceived Barriers

Conditionals

Attitude towards
telemedical

consultations
(adj. r2=.803)

Intention to use
telemedical

consultations
(adj. r2=.870)

.579**

.792**-.330**

Figure 5. Influencing parameters on acceptance of using telemedical consultations comparing PRE
and POST evaluations (* = p< .05; ** = p < .01).

Beyond that, MANOVA analyses were conducted in order to control for impacting
parameters in terms of demographics and previous expertise. As dependent variables, we
analyzed intention to use, attitude towards telemedical consultations, perceived benefits,
perceived barriers, and conditionals and controlled their evaluations for the effects of age,
gender, living situation, and private passive and private active care experience.

The results did not reveal any significant effect of the mentioned parameters on the
evaluation of the telemedical consultations. Neither age (F(5,131) = .602; p = .698; n.s.),
gender (F(5,131) = 1.483; p = .200; n.s.), living situation (F(5,131) = 1.406; p = .178; n.s.),
nor private passive (F(5,131) = 2.018; p = .080; n.s.) and private active (F(5,131) = 1.859;
p = .106; n.s.) care experience were confirmed to be relevant impacting parameters for the
evaluation of telemedical consultations.

4. Discussion

The results of the empirical studies presented here are highly relevant for the un-
derstanding of telemedicine acceptance in nursing homes. Pre- and post-implementation
evaluations were conducted, focusing on the perspective of care personnel working in
geriatric care: thereby, it was firstly shown (for the specific case of geriatric care) that the
acceptance of conducting telemedical consultations in everyday life in nursing homes was
overall positively evaluated. Even more important, the results showed that (perceived)
barriers decreased and were less relevant after using the telemedical consultations. In the
following, the results are discussed related to previous research in the field. Based on the
results, implications and recommendations were derived, and limitations as well as the
potential for future work are highlighted.
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4.1. Key Insights and Interpretation

Contrary to the hypotheses H1 and H2, there were no significant differences in the
acceptance and evaluation (of perceived benefits) of telemedical consultations between
the pre- and post-implementation evaluations. The results showed only higher evaluated
acceptance scores and a higher evaluation of the perceived benefits on a descriptive, but
not on a significant, level. However, the identified evaluation patterns were indicated in the
hypotheses. Hence, the results regarding H1 and H2 signified an encouraging trend in the
acceptance of telemedical consultations within nursing homes, reflecting a positive attitude
and a favorable intention to engage with the telemedical services, acknowledging their
benefits independent from the pre- and post-implementation evaluations. The positive
evaluation results were in line with prior research that emphasized the growing acceptance
of telemedicine and telehealth services, particularly in the context of improving healthcare
accessibility and delivery, especially for vulnerable populations such as those residing in
nursing homes [12,30].

Furthermore, the positive attitude and intention to use telemedical consultations
suggested a promising trend in the integration of technology-enabled healthcare services,
highlighting the potential benefits of telemedicine in enhancing the overall quality of care
for nursing home residents. The fact that acceptance evaluations were not significantly
higher in the post-implementation evaluations contradicted the assumption that the experi-
ence of interacting with the telemedical applications affects acceptance. Beyond that, the
positive evaluations of the care professionals were even more special in light of the fact
that care professionals have been proven to be a very restrained and critical user group in
previous research [36]. Here, the hands-on experience over at least six month up to more
than a year presumably supported the willingness to use and the perception of benefits
using the telemedical consultations.

In contrast to the evaluations of acceptance and perceived benefits, perceived barri-
ers (H3) were perceived significantly less negatively after using telemedical consultations.
Hence, the results confirm the postulated hypothesis (H3) and also previous research [33,34]
in the field: the results showed that hands-on experiences with the technology lead to
more positive evaluations and reduced the perception and concerns related to the per-
ceived barriers of using the telemedical consultations. The notable shift in the participants’
perceptions—with a significant decline in the acknowledgment of barriers—suggested a
growing acceptance and familiarity with the telemedical processes. The substantial decrease
in concerns related to technical failures, errors, and operational difficulties underscored
an enhanced understanding and proficiency in navigating the telemedicine infrastructure,
indicating an improvement in the overall user experience and system functionality.

The results showed that the evaluations of conditional usage requirements (H4) were
less important after using telemedical consultations. Hence, H4 can be considered as
verified, and these are overall more positive evaluations based on previous experiences
with the technology. These findings underscore the significance of initial expectations and
perceptions of the conditions necessary for the successful implementation of telemedical
applications. The relatively higher confirmations observed during the pre-implementation
phase suggested that participants had established a set of expectations and prerequisites for
the effective functioning of the telemedical infrastructure, indicating a proactive approach
towards ensuring the technical and operational prerequisites for a seamless implementa-
tion process. Understanding these expectations and conditionals is crucial for healthcare
providers and policymakers, as it provides valuable insights into the key factors that
users prioritize and expect from telemedical services. This knowledge can facilitate the
development of tailored strategies to meet user expectations, enhance system performance,
and ultimately contribute to a more streamlined and effective integration of telemedical
solutions in healthcare settings.

Beyond these evaluations, the results also revealed insights regarding the relationships
between the evaluated constructs. The insights confirmed hypothesis H5, which postulated
that different factors explain the care professional’s acceptance depending on the pre-
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and post-implementation evaluations. For the pre-implementation phase, the perceived
benefits were most decisive for explaining the attitude towards telemedical consultations.
In contrast, perceived benefits and a low perception of perceived barriers represented the
central predictors for the attitude towards telemedical consultations. In line with previous
research in the field, the attitude towards and intention to use were proven to be central
elements of modelling the acceptance of telemedicine in nursing homes [15,32] and can
be explained by the perceived benefits and barriers of using telemedical consultations.
Contrasting previous studies, e.g., [35], the results showed that individual factors are
not decisive compared to the experiences with the technology in terms of the pre- and
post-implementation evaluations.

4.2. Implications and Recommendations

First of all, the results showed that hands-on experience is decisive. Enabling someone
to interact with technology allows the enhancement of familiarity and reduces potential
(perceived) barriers. In line with this, it is recommended to integrate all relevant stakehold-
ers as early as possible in the development and implementation processes of innovative
healthcare technology: this way, it is possible to consider their perspectives as well as
identified requirements right from the beginning and in a continuous manner.

Beyond that, the results suggested that user-centered training and support are decisive.
Considering the positive trends in acceptance and the reduction of perceived barriers, it is
advisable to provide user-centered training and ongoing technical support for professional
caregivers in nursing homes. These training sessions can help to improve the understanding
and familiarity with the telemedical infrastructure and overcome potential technical or
operational hurdles.

The findings also suggest that ongoing feedback from the users, in particular the
professional caregivers, should be used to further enhance telemedical applications. Inte-
grating a structured feedback mechanism can help in identifying technical issues, optimize
the user experience, and further increase user acceptance.

In this regard, a continuous monitoring and maintenance of technology infrastructure
is recommended. To maintain trust in the telemedical platform in the long run, regular
maintenance and monitoring of the technology infrastructure should be ensured. This
includes ensuring reliable technical performance, addressing potential issues, and updating
and adapting the platform according to changing requirements and user expectations.

Finally, the manner of information and communication was of utmost importance. The
results emphasized the continuous need to improve communication between professional
caregivers, nursing home residents, and physicians through the telemedicial platform.
Integrating user-friendly interfaces and ensuring clear and understandable communication
can help minimizing potential concerns about doctor–patient communication. In this
regard, the information and communication of specific benefits and barriers is essential
as these benefits and barriers have an enormous impact on the acceptance and attitude
towards telemedical approaches. In particular, all stakeholders should be informed about
the added value of using telemedical consultations, and the handling of potential barriers
(e.g., privacy regulations, data handling) should be communicated transparently.

As the present findings are based on experiences during the implementation phase,
conducting long-term studies on the prolonged usage and acceptance of telemedicine in
nursing homes is advisable. Such long-term studies can provide insights into long-term
usage patterns, potential changes in acceptance over time, and the long-term impacts of
telemedicine on the nursing home community.

4.3. Limitations and Future Research

The results have contributed to a better understanding of care professionals’ accep-
tance and perception of telemedical consultations in nursing homes, comparing initial with
experienced evaluations. The ongoing studies during the use of the technology provided
insights into the acceptance and difficulties encountered during the real use of the telemed-
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ical care infrastructure within the daily routine of professional caregivers in nursing homes.
The continuous evaluations enabled an early identification of problems and difficulties,
which could be discussed with the project team at an early stage; this leads partly to an
adaption of the processes, so that concrete solution strategies were developed and, as a
result, initially existing problems occurred less frequently.

However, further research is needed to explore the underlying factors contributing
to the positive acceptance of using telemedical consultations in nursing homes, and to
address potential barriers that may affect the successful implementation and utilization of
telemedicine in nursing home settings. In this regard, further longitudinal studies should
focus on the acceptance of telemedical applications in nursing homes; empirical studies
over a longer period of time (extending usage phases of six to 12 months) would facilitate
the identification of specific driving and hindering acceptance factors that only become
more important over time once the use of the technology has already become established.

A central benefit of the methodological approach during the project was the consis-
tent inclusion of the relevant user groups as well as the individually adapted empirical
procedure (e.g., adapted digital or analog formats). One limitation of the approach is
certainly that it was never possible to include all participating care professionals (likewise,
all nursing home residents) in the empirical studies, and thus a selection was always made
in consultation with the nursing homes. This may have led to the fact that especially
voices that wanted to communicate were considered in the project, and rather reserved,
possibly also more critical voices, were less heard. Nevertheless, the online and paper
questionnaires were generally available to all professional caregivers and enabled their
participation. Future studies should specifically try to also reach those voices that are
more critical and reserved. To this end, empirical qualitative methods should initially be
used more frequently, as this offers the opportunity to approach and respond to individual
people and their opinions. In addition, systematic observations should be used over a
longer period of time, as this can also reveal in detail the problems and difficulties in using
telemedical consultations that may not be explicitly mentioned by the users in interviews
or questionnaires.

Related to the samples of the pre- and post-implementation evaluations, it has to
be reflected that the post-evaluation sample was smaller than the sample in the pre-
implementation phase. In general, it was observed that the willingness to participate
in empirical studies decreased during the project period. Nevertheless, both groups had
an adequate size and distribution, enabling their direct comparison. For future work, it
would still be valuable to reach larger and more equal distributions to be able to conduct
more detailed methodological approaches, such as structural equation modeling. Such ap-
proaches would provide a more comprehensive understanding of the complex relationships
between the investigated variables and allow for the analysis of direct and indirect effects
simultaneously. Beyond that, structural equation modeling offers the benefit of assessing
the overall model fit, ensuring a more robust and reliable analysis than other analyses.
In addition, the application of structural equation modeling to longitudinal studies may
allow us to examine changes in the relationships between variables over time, which can
be of great value in generating dynamic models of human behavior and social processes, in
particular in the context of using telemedical applications.

Furthermore, a major general challenge was the great heterogeneity of the care facilities,
in terms of both internal aspects (e.g., infrastructure, organization, hierarchy) and the basic
motivation to participate. As a result, some nursing facilities were more involved in the
empirical surveys than other nursing facilities, where in some cases there was no feedback
at all. However, this was also reflected in the basic frequency of technology use: the nursing
homes that did not take part in the empirical studies were also among those who had
performed little to zero telemedical consultations. Here, it should be considered for future
research that the current staffing shortages and high workload in care facilities present
significant challenges to the feasibility of conducting empirical studies on a large scale. It is
therefore essential to establish good communication and understanding of the care situation
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from the outset, and to maintain consistent contact with the nursing homes involved and
their management.

Last but not least, the COVID-19 pandemic was a major challenge for the imple-
mentation of empirical studies in the field, especially in the project years 2021 and 2022.
Nevertheless, the close and constant consultation with the management of the nursing
homes enabled individually tailored procedures in each case.

5. Conclusions

Our findings highlighted the significance and acceptance of integrating telemedicine in
nursing homes to reduce unnecessary hospitalizations and support care personnel. Within
the Optimal@NRW project, conducted in 24 nursing homes in Germany, we examined
the acceptance of telemedicine in particular among care professionals. The results of the
empirical studies presented here were of significant importance for the comprehension
of telemedicine acceptance in nursing homes. Pre- and post-implementation evaluations
were conducted from the perspective of care personnel working in geriatric care. This
study demonstrated, for the specific case of geriatric care, that the acceptance of conducting
telemedical consultations in the everyday life of nursing homes was overall positively
evaluated. Furthermore, the results showed that perceived barriers decreased and were
less relevant after using the telemedical consultations. These findings underscored the
importance of tailoring communication and information about telemedicine to meet the
needs and preferences of care personnel as a key user group.
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