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Abstract: Acceptance of new medical technology may be influenced by social conditions and an
individual’s background and particular situation. We studied this acceptance by hypothesizing that
current and former COVID-19 patients would be more likely to accept an electrocardiogram (ECG)
“patch” (attached to the chest) that allows continuous monitoring of the heart than individuals who
did not have the disease and thus the respective experience. Currently infected COVID-19 patients,
individuals who had recovered from COVID-19, and a control group were recruited online through
Facebook (and Instagram) and through general practitioners (GPs). Demographic information and
questions tailored to the problem were collected via an online questionnaire. An online survey
was chosen in part because of the pandemic conditions, and Facebook was chosen because of the
widespread discussions of health topics on that platform. The results confirmed the central hypothesis
that people who had experienced a disease are more willing to accept new medical technologies and
showed that curiosity about new technologies and willingness to use them were significantly higher
in the two groups currently or previously affected by COVID-19, whereas fears of being “monitored”
(in the sense of surveillance) were significantly higher among people who had not experienced the
disease and threat. Experiencing a serious disease (“patient experience”) promotes acceptance of
new medical technologies.

Keywords: COVID-19; technology acceptance; user survey; wearable health monitor; ECG patch

1. Introduction

People’s attitudes toward new medical technologies are driven in part by their cultural
background and their confidence in the existing health care system and its effectiveness
and equity. However, there is a two-fold problem regarding medical technology—its
availability and, perhaps more critically, people’s acceptance of technology in general and
their willingness to accept monitoring or even accompanying inconveniences caused by
new, unfamiliar technologies. The Unified Theory of Acceptance and Use of Technology
(UTAUT) is a theory used to predict consumer acceptance of technology. It assumes
four independent factors influence acceptance [1,2]. These four factors are performance
expectancy, effort expectancy, social influence and facilitating conditions.

This theory, originally formulated in computer science, can also be applied to pre-
dicting user acceptance of medical technology. As in computer science, the acceptance
of medical technology by its users, consumers, and patients depends on many different
underlying conditions. These include device features (performance expectation of the
technology), ease of use, costs, whether the medical device constrains its user or how this
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constraint relates to the expected benefits of the device (effort expectation), and appear-
ance and other socially determined features and circumstances [3]. These conditions are
significantly shaped by the patient’s overall background, including their medical history,
and their current health status.

For example, GPS trackers are commercially available for older people with mild
to moderate dementia to allow them to go out on their own and, should they become
lost, to be found easily. GPS trackers can be used for many purposes outside of medicine,
but can be used in medicine for people with cognitive impairment and dementia-related
syndromes. Caregivers or family members involved in the care can use a smartphone app
to locate the patient is in real time. This allows the person being monitored to actually be
more independent. At the same time, however, it is possible that the monitoring function
may be perceived as an invasion of privacy, and this, along with a threshold fear of the
new technology, may result in the tool not being adopted. Threshold anxiety is a term used
to explain the psychological barriers people experience, or the fear people feel when faced
with something unknown, in this case a new technology. Acceptance depends on how the
patient views the advantage of the device, in this case the ability to go out alone, versus the
disadvantage of the impairment caused by the device [4,5].

The outcome of this cost-benefit balance depends on the particular circumstances.
In the case of the GPS tracker, the average healthy user would most likely feel they were
subject to excessive surveillance. In contrast, for a patient with cognitive impairment,
the tracker may provide a level of security that is perceived as reassuring and /or makes
unaccompanied walks possible, i.e., expands rather than restricts the user’s freedom [3].
Therefore, technologies can be useful in the medical field for a variety of purposes.

Numerous other examples show that patients are more likely to accept a medical
device that would be completely unacceptable to healthy individuals because they expect
to receive benefits in their situation that would otherwise not be available [6-8]. These
include technologies for detecting falls or epileptic seizures, continuous blood glucose
monitors, and other more or less invasive devices for diabetics [9-11]. Acceptance of
reusable respiratory filters increased in the wake of the current COVID-19 pandemic [12].
As more people began to use different types of face masks, the threat of shortages became
greater and some countries even stopped the export of face masks so they were able to
meet the demand within their countries [13]. Consequently, it can be deduced that there is
a correlation between the demand and the shortages, and between the more widespread
use of face masks and the higher demand for them.

It is therefore evident that the acceptance of a medical device depends on the indi-
vidual and changing circumstances of the user. However, there is little literature that has
directly compared the acceptability of a medical device in patients and healthy individuals
or has investigated whether healing from an acute illness affects acceptability. For this
reason, the pilot study presented here was conducted. This study can be a step forward
in filling the research gap in the area of the relationship between the medical condition
and patients” acceptance of new medical technology. In the present paper, patients with
active COVID-19 disease (Group 1—COVID), people who had survived COVID-19 disease
(Group 2—recovered), and Group 3—healthy people (regardless of the possible presence
of other comorbidities) were asked about their acceptance of medical technology using
the example of an electrocardiogram (ECG) patch. Acceptance of medical technology
is important for several reasons. First, medical technology can improve the likelihood
of recovery for people who are overcoming illnesses that need further medical support.
Second, medical technology can help in the diagnosis and early detection of illnesses.
Finally, medical technology can help in monitoring medical conditions. Consequently,
acceptance of medical technology can significantly improve the overall medical health of
people at the different stages of a medical condition—either for prevention, recovery, or
monitoring. The present study aimed to compare the attitude towards medical technology
in general, and towards the electrocardiogram (ECG) patch in particular, of healthy people,
people suffering from COVID-19, and people who have survived COVID-19. The study
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maintained the thesis that being a patient, that is, suffering from a medical condition or
illness, increases the level of acceptance of medical technology. The study is innovative in
the manner that it collects data from healthy people, which was not undertaken in most of
the previous research. Collecting and analyzing data from healthy people is important in
evaluating the general attitude towards medical technology and not only the attitude of
those suffering from an illness. By being aware of healthy people’s attitudes towards new
medical technology, we can bring about an overall positive change by educating healthy
people about the importance of medical technology. It is clearly preferable that this change
in attitude occurs prior to individuals becoming ill, given the time it takes to bring about a
change in their acceptance may prove fatal.

2. Material and Methods
2.1. Recruitment

The survey was conducted online from April to November 2020 using Unipark aca-
demic survey software, that runs on Questback EFS (Winter 2019 v.32.2). Unipark was
the preferred method for data collection due to its user-friendly interface, which ensured
positive participant attitudes toward the survey, and its flexibility in creating question types
and structure. Overall, the method ensured that data would be collected objectively and
securely, because Unipark offers a high level of data security. In addition, Unipark provides
the ability to extract data in a variety of formats. For the present study, the data were stored
in Excel. Overall, Unipark provided participant satisfaction and ease of subsequent analysis
of the data collected. The survey was placed on Facebook in various COVID-19 groups, and
participants were asked to respond anonymously. Data collection took place in Germany
and neighboring countries, because the COVID-19-related groups in which the survey was
distributed included individuals from these countries. Data were collected anonymously
and voluntarily, and the analysis did not include an assessment of the particular situation
or condition of individual participants, but simply their opinions on medical technology
issues. Therefore, the survey posed an extremely low risk to the participants and the data
they provided, and participant consent was not required. The data collected were not
used to link them to individuals, nor was it of interest to determine who the individuals
were. In addition, two bloggers on Instagram helped distribute the survey and two general
practitioners (GPs) distributed the survey to their respective patients. This aimed to reach
many and varied people, and recruit them to complete the survey. The survey distributed
by the bloggers and the GPs was not different from the other survey posted in the Facebook
groups. In each case, the survey was distributed via a link and subject participation was
voluntary and anonymous. Study participants were divided into three study groups:
(a) COVID-19 patients with active symptoms, (b) individuals who had recovered from
COVID-19, and (c) healthy individuals without current and previous COVID-19 disease.
The inclusion criterion was a clinically confirmed diagnosis, i.e., COVID-19 confirmed
by PCR assay. Exclusion criteria included misunderstanding the purpose of the survey
and lack of access to technology, which effectively meant that these individuals could not
participate in the survey. Patients with severe cases of COVID-19 who were being treated
in an intensive care unit and were unable to actively participate were also excluded from
the survey.

2.2. Data Collection

All study participants were given a questionnaire, included in the Appendix A, to
collect basic demographic data and data on their attitudes toward technology in general,
and finally to collect data on their attitudes toward technology in light of the current
COVID-19 pandemic. The questionnaire started by collecting general demographic and
social data such as gender, age, place of residence, marital status, and current health
status in relation to COVID-19 (whether the person has had it before, currently has it, is
hospitalized, or has never been exposed to the disease). The following questions about
participants” general attitudes toward technologies and technology aimed to measure the
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level of understanding of new technologies, whether participants see technology as a
facilitator and a means to make daily life easier, how affordable they think new technology
is and should be, and whether they associate technologies with dangers and risks. The
questions deal with how they learn about new technologies. Each question was answered
on a seven-point Likert scale, with half points also possible as an answer. The following
ten questions on COVID-19 contained the same scale. The questions aimed to measure
correlations between whether a person is or has been affected by COVID-19 and his or her
attitude toward technology and technical aids, and any change in attitude toward medical
technology resulting from the individual being affected. The questionnaire also elicited
attitudes toward the eight general factors of curiosity, fear of technology, interest, ease of
use, usefulness, skepticism, accessibility, and “intention to use”. The questionnaire was
based on the Technology Usage Inventory (TUI), although one dimension of the instrument
(intention to use) was omitted because it was not relevant to this case study.

In addition, ten other questions developed by the authors were included that aimed
to measure attitudes specifically of individuals who had been exposed to COVID-19.

All participants completed the survey online. However, the number of individuals
>65 years of age who completed the survey was lower. Nonetheless, the data collected
from individuals >65 years of age were included in the data set and were not treated as a
subgroup despite the lower number of participants.

2.3. Statistical Analysis

The dataset was analyzed using SPSS (Statistical Product and Service Solutions),
first looking for relationships between participants and the expressions of each variable.
Following this, the variables were analyzed among themselves. This included the internal
consistency (Cronbach’s alpha) and the discriminatory power of the items (ITC = item-total
correlation); a value of >0.7 was considered acceptable. For the discriminatory power, the
correlation between the measured value of an item and the result of the measured value of
the variable without the respective item under consideration was determined. Items with a
correlation of r < 0.3 were excluded. For the analysis of the present data, the TUI was a
particularly appropriate instrument because it provides a different scale for assessing both
general attitudes toward technology and attitudes toward a specific device.

For the descriptive analysis, the median and the 25% and 75% quartiles, the mean, the
standard deviation, and the minimum and maximum values were calculated. Histograms
of response frequencies were created for graphical representation. Differences between the
means of the three study groups were tested for significance using ANOVA, and a p-value
of p < 0.05 was considered significant.

3. Results
3.1. Basic Demographic Parameters

This study was conducted to test the hypothesis that there is a correlation between
experience of a condition and attitudes toward medical technology.

The study compared attitudes toward medical technology in general and, specifically,
acceptance of an ECG patch in a group of current COVID-19 patients (COVID), a second
group who had survived COVID-19 (COVID-recovered), and healthy individuals (healthy).

A total of 607 participants took part in the study, including 155 men (25.5%). The
COVID group included 130 participants, of whom 70 (53.7%) were male. The COVID-
recovered group consisted of 127 participants, of whom 59 (46.5%) were male. Group 3,
in which participants had no personal current or previous experience with COVID-19,
consisted of 350 participants, of whom 26 (7.4%) were male. Four (0.7%) study participants
reported “diverse” as their gender (one each in the COVID- and COVID-recovered groups
and two in the healthy group). Thus, the healthy group had a statistically significant excess
of females compared to the other two study groups (p < 0.001). The two COVID groups
also differed from group 3 in terms of age distribution. Group 3 had a significantly higher
proportion of study participants in the 18-24 and 25-34 age groups, whereas Groups 1 and
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2 had a higher proportion of participants in the 35-44 and 45-54 age groups, respectively
(p <0.001).

Other baseline demographic parameters of the study participants are listed in Table 1.
Significant differences between groups existed in terms of marital status, smoking status,
education level, and place of residence, in addition to gender and age. Groups 1 and 2
were relatively similar to each other and different from Group 3, but the groups did not
differ with respect to the proportion of study participants with minor children (p = 0.380).

Table 1. Demographic parameters of the study participants.

Total Group 1 Group 2 Group 3
Parameter (1 = 607) COVID Recovered Healthy p-Value
B (n =130) (n=127) (n = 350)
Gender n (%)
Female 448 (73.8) 59 (45.4) 67 (52.8) 322 (92.0) 0,001
Male 155 (25.5) 70 (53.7) 59 (46.5) 26 (7.4) <U-
Divers 4(0.7) 1(0.8) 1(0.8) 2 (0.6)
Age group
18-24 years 166 (27.4) 15 (11.5) 18 (14.2) 133 (38.0)
25-34 years 251 (41.4) 33 (24.4) 46 (36.2) 172 (49.1)
35-44 years 73 (12.0) 25 (19.2) 21 (16.5) 27 (7.7)
45-54 years 56 (9.2) 20 (15.4) 21 (16.5) 15 (4.3) <0.001
55-64 years 26 (4.3) 10 (7.7) 13 (10.2) 3(0.9)
65-74 years 27 (4.4) 19 (14.6) 8(6.3) 0 (0.0
75-84 years 7(1.2) 7 (5.4) 0 (0.0) 0(0.0)
85 years or older 1(0.2) 1(0.8) 0 (0.0) 0(0.0)
Marital status n (%)
Single 218 (35.9) 34 (26.2) 34 (26.8) 150 (42.9)
married 258 (42.5) 49 (37.7) 56 (44.1) 153 (43.7)
cohabiting 74 (12.2) 22 (16.9) 23 (18.1) 29 (8.3) <0.001
divorced/separated 44 (7.2) 18 (13.9) 12 (9.4) 14 (4.0)
widowed 9(1.5) 7 (5.4) 2 (1.6) 0(0.0)
other 4(0.7) 0(0.0) 0 (0.0) 4(1.1)
Has minor children n (%) 174 (28.7) 34 (25.0) 32 (24.6) 108 (29.8) 0.380
Smoking status
Yes 1 (%) 131 (21.6) 46 (33.8) 35 (26.9) 50 (13.8) <0.001
Educational level n (%)
University degree 205 (33.8) 56 (43.1) 51 (40.2) 98 (28.0)
Fachabitur (vocational baccalaureate)/Abitur
(university entrance qualification) 221 (364) 32 (24.6) 32(25.2) 157 (44.9)
Realschulabschluss (genera.l certificate of 130 (21.4) 29 (22.3) 33 (26.0) 68 (19.4) <0.001
secondary education)
Hauptschule (secondary school)/Volksschule (adult 30 (4.9) 10 (7.7) 8 (6.3) 12 (3.4)
education college)
no graduation 9(1.5) 3(2.3) 3(2.4) 3(0.9)
other 12 (2.0) 0 (0.0 0 (0.0 12 (3.4)
Place of residence n (%)
Big city 305 (50.2) 55 (42.3) 58 (45.7) 192 (54.9)
Medium-sized town 170 (28.0) 58 (44.6) 29 (22.8) 83 (23.7) <0.001
Small town 100 (16.5) 10 (7.7) 35 (27.6) 55 (15.7)

Rural community 32 (5.3) 7 (5.5) 5(3.9) 20 (5.7)
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Table 1. Cont.

Total Group 1 Group 2 Group 3
Parameter (1 = 607) COVID Recovered Healthy p-Value
(n =130) (n=127) (n = 350)
Place of living 1 (%)
Baden-Wiirttemberg
Bavaria 53 (8.7) 11 (8.5) 7 (5.5) 35 (10.0)
Berlin 48 (7.9) 15 (11.5) 7 (5.5) 26 (7.4)
Brandenburg 26 (4.3) 3(2.3) 8 (6.3) 15 (4.3)
Bremen 6 (1.0) 3(2.3) 2 (1.6) 1(0.3)
Hamburg 3(0.5) 0 (0.0 2 (1.6) 1(0.3)
Hesse 86 (14.2) 14 (10.8) 11 (8.7) 61 (17.4)
Mecklenburg-West. P. 58 (9.6) 7 (5.4) 6 (4.7) 45 (12.9)
Lower Saxony 16 (2.6) 4(3.1) 9(7.1) 3(0.9)
North Rhine-Westphalia 80 (13.2) 34 (26.2) 15 (11.8) 31 (8.9) <0.001
Rhineland-Palatinate 145 (23.9) 23 (17.7) 43 (33.9) 79 (22.6)
Saarland 11 (1.8) 2 (1.5) 2 (1.6) 7 (2.0)
Saxony 1(0.2) 0 (0.0) 0 (0.0) 1(0.3)
Saxony-Anhalt 3(0.5) 1(0.8) 1(0.8) 1(0.3)
Schleswig-Holstein 41 (6.8) 11 (8.5) 10 (7.9) 20 (5.7)
Thuringia 4 (0.7) 1(0.8) 1(0.8) 2 (0.6)
Austria 4(0.7) 1(0.8) 1(0.8) 2 (0.6)
Switzerland 5(0.8) 0 (0.0 0 (0.0 5(1.4)
other place of living 17 (2.8) 0(0.0) 2 (1.6) 15 (4.3)

3.2. Technology Acceptance

The study showed that a significant difference exists among the three groups in terms
of various acceptance parameters for the ECG patch. Thus, scores for both curiosity about
the technology and interest in using it were highest in the COVID group and lowest in the
healthy group, with group differences reaching significance only for curiosity (A, p < 0.001
and B, p = 0.739). Conversely, an opposite tendency was found for fear of technology and
skepticism toward technology. Here, the mean values were highest in the healthy group
and low in COVID-19 patients and those who had recovered from COVID-19. Again, group
differences reached significance for only one of the two factors, skepticism (C, p = 0.148
and D, p = 0.001). The COVID group also had the highest expectations concerning ease of
use (p = 0.003), accessibility (p = 0.001), and usefulness (p = 0.005) of the ECG patch. Here,
too, the recovered study participants had values that lay very close to those of the COVID
group, whereas the values of the healthy people were much lower.

3.3. COVID-Specific Questions

The third part of the study examined how attitudes toward modern medical technol-
ogy have changed as a result of the COVID-19 pandemic. A questionnaire with 10 questions
was set up for this purpose. Again, there were some significant differences between the
groups. Interestingly, the recovered group took an intermediate position between the
diseased and healthy groups on five of these questions, showing surprisingly high or low
scores in three cases (Figures 1 and 2).
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Figure 1. Average attitudes toward different aspects of technology acceptance in the three study groups. The y-axis shows
the mean result of participants choice on the Likert scale: (A) Curiosity about the technology; (B) Interest in using it; (C) Fear
of technology; (D) Skepticism about the technology.
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study groups. The y-axis shows the mean result of participants choice on the Likert scale.



Int. J. Environ. Res. Public Health 2021, 18, 9367 8of 17

B1

5.4

5.2

5.0

4.8

4.6

4.4

4.2

The group acutely affected by COVID-19 agreed most strongly with the statement
that the COVID-19 pandemic could be a major reason for ambulatory use of medical
devices to monitor their health status, followed by the recovered group (p = 0.001; Figure 3).
Interestingly, however, both COVID-affected and healthy individuals on average agreed
more strongly than the recovered group with the statement that multiple sensors on the
body could make a person appear “older” or “sicker” than they are (p = 0.823; Figure 4),
although group differences on this statement did not reach statistical significance. In
contrast, both COVID patients and convalescents appeared to be more open-minded and
tolerant of body-worn sensory technology and showed generally positive attitudes toward
modern medical technology, but at the same time agreed significantly less often and less
than Group 3 (healthy individuals) with the statement that such wearables would always
remind them of “sickness” and thus would certainly establish mental distress (p = 0.001;
Figure 5). The somewhat opposite statement that wearables and sensor technology could
help reassure family and friends was answered accordingly by the three groups, with
the COVID group having the highest mean, followed by the recovered group (p < 0.001;
Figure 6).

| ]

n=130 n=127 n=350
] T 1
COVID diagnosed COVID diagnosed and recovered not suffering from COVID
COVID

Figure 3. Average agreement with statement 1 of the COVID-specific questionnaire: “The Covid-19 pandemic is a reason

for outpatient use of medical devices to monitor health conditions.” The y-axis shows the mean result of participants choice

on the Likert scale.
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Figure 6. Average agreement with statement 4 of the COVID-specific questionnaire: “Body-worn sensor technology for

monitoring could help reassure family and friends as my health would always be medically monitored.” The y-axis shows

the mean result of participants choice on the Likert scale.

All three groups tended to agree with the statement that it was important for sensory
equipment to be aesthetically pleasing or as unobtrusive as possible. Group differences
regarding this statement were not statistically significant (p = 0.547; Figure 7). The healthy
group was least likely to agree that medical records should be available to treating physi-
cians, but again the group differences were not significant (p = 0.194, Figure 8). Interestingly,
it was the recovered group that was most willing to share contact tracing data with govern-
ment agencies while having the least concern about data security (p = 0.028 and p = 0.001,
Figures 9 and 10, respectively). The differences in these two statements reached statistical
significance. The recovered group was also most likely to agree that patients should make
private co-payments for such sensor technology, but these differences were not significant
(p = 0.176, Figure 11). However, both the COVID-affected and recovered groups were
significantly more likely than the healthy group to agree that their attitudes toward medical
technology had changed since the COVID 19 pandemic (p < 0.001, Figure 12).
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Figure 7. Average agreement with statement 5 of the COVID-specific questionnaire: “It’s important to me that such sensor
technology looks aesthetically pleasing or is completely unobtrusive.” The y-axis shows the mean result of participants
choice on the Likert scale.
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large amounts of data can be stored and retrieved at any time. My medical records should be available to my treating
physicians.” The y-axis shows the mean result of participants choice on the Likert scale.
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Figure 9. Average agreement with statement 7 of the COVID-specific questionnaire: “In the fight against pandemics,
movement data can help—for example, to trace chains of infection. Medical data collected through body-worn sensor
technology should be available to government institutions.” The y-axis shows the mean result of participants choice on the
Likert scale.
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Figure 10. Average agreement with statement 8 of the COVID-specific questionnaire: “I have security concerns (e.g.,
hacking attacks/manipulation) about such sensor technology to monitor my health.” The y-axis shows the mean result of
participants choice on the Likert scale.
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Figure 11. Average agreement with statement 9 of the COVID-specific questionnaire: “If health insurance companies do not
cover the entire cost of such sensor technology, the cost should be offset by private co-payments.” The y-axis shows the
mean result of participants choice on the Likert scale.
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Figure 12. Average response to question 10 of the COVID-specific questionnaire: “Has your attitude toward outpatient
medical technology changed since the COVID-19 pandemic?” The y-axis shows the mean result of participants choice on
the Likert scale.
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3.4. Confounding Parameters

The influence of various confounding parameters on participants’ responses between
all three groups (COVID, recovered, and healthy) was examined. An influence of gender,
marital status, having minor children, smoking status, place of residence, state, and ed-
ucation level on some of the responses was found, but this influence was small. These
influences were examined in terms of interactions between Groups 1-3 (COVID, recovered,
and healthy, respectively) and sociodemographic indicators when answering the questions.
Results showed that, of 136 analyses in which the results for the questionnaire scales (i.e.,
curiosity, technology anxiety, etc.) were compared to sociodemographic factors, only 19
showed significant differences, whereas 117 show no statistical differences (Table A1 in
Appendix A). There was a significant interaction between Groups 1-3 and gender for tech-
nology anxiety (p = 0.043) and for statement 2 of the COVID-specific questions (p = 0.028).
Furthermore, significant interactions between Groups 1-3 and marital status were evident
for curiosity (p = 0.023), skepticism (p = 0.039), and statement 10 of the COVID-specific
questions (p = 0.041). A significant interaction between Groups 1-3 and minor children
was shown for interest (p = 0.011) and for statement 10 of the COVID-specific questions
(p = 0.030). Smoking status also had an influence on some responses in Groups 1-3. There
were significant interactions between Groups 1-3 and smoking status for accessibility
(p = 0.008) and for statements 6 (p = 0.033) and 9 (p = 0.007) of the COVID-specific ques-
tions. For education level, a significant interaction with Groups 1-3 was only found for
statement 7 of the COVID-specific questions (p = 0.028). In contrast, for place of residence,
significant interactions between Groups 1-3 were demonstrated for curiosity (p = 0.021),
interest (p = 0.021), and for statements 1 (p = 0.005), 2 (p = 0.035), and 10 (p = 0.010) of the
COVID-specific questions. For place of living, significant interactions within Groups 1-3
were found for interest (p = 0.028) and accessibility (p = 0.012). Within Groups 1-3 there
was no significant interaction found when comparing the age groups with the different
scales. All p-values for the interactions are listed in Table A1 in the Appendix A. Although
it is important to mention that the sociodemographic variety between Groups 1-3 had
some influence on the responses to the surveyed questions, in the majority of cases, the
demographic characteristics did not have a significant impact on the participants’” answers.
This should be taken into account when interpreting the group differences.

The presence of various comorbidities, such as hypertension, respiratory disease,
diabetes mellitus, and cardiovascular disease, had a significant influence on some, but not
all, of the responses and generally increased the response tendencies of COVID-affected
and recovered individuals.

4. Discussion

The study presented here investigated the hypothesis that being or having been ill
increases acceptance of medical technology. For this purpose, current COVID-19 patients
(Group 1), people who had recovered from COVID-19 (Group 2), and people with no
previous or current COVID-19 disease (Group 3) completed a questionnaire on different
aspects of medical technology acceptance. The responses confirmed the hypothesis in
several aspects, e.g., people diagnosed with COVID-19 and those who had recovered
from it were more curious about modern medical technology and had a higher interest in
using it, whereas healthy people were at the same time more fearful and skeptical about
technology and its monitoring potential. Understanding the acceptance factors for medical
technology is important to improve the use and benefits of new technologies. A study with
scoliosis patients showed that aesthetic factors in the design of corsets were an important
contributor to acceptance [14]. A comparable result was seen in the study presented here,
where all three groups placed importance on the used sensor technology either looking
aesthetically pleasing or being as unobtrusive as possible. Product design is relevant to
how people view a technology and their willingness to use it.

However, most studies published to date have investigated the acceptability of a
particular medical technology only in patients who use the particular technology as part of
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their treatment, and not in healthy people. The present study fills this gap by also looking
at healthy individuals. By comparing the opinions of healthy people with those of people
who suffer from or have survived COVID-19, the work enables a conclusion to be drawn
about preventive medicine. Personal experience of health and illness leads people to trust
or distrust technologies and value intrusions into their privacy.

Previous research shows that the stigma is particularly high for obvious medical aids,
such as wheelchairs, and is associated with depression and limitations of use in patients
with recent spinal cord injuries [15]. The observations of the present study show that
even healthy individuals can be skeptical of monitoring and new technologies. As the
wheelchair example shows, acceptance toward medical technology is important because
it can significantly improve people’s lives and overcome stigma by promoting autonomy
and self-determination.

Another interesting aspect of this study is that individuals who had recovered from
COVID-19 were more accepting of using data from wearables or smartphones to track
contacts and had fewer data security concerns than current COVID sufferers or healthy
individuals. This may reflect the fact that COVID-19 is a highly contagious infectious
disease with a relatively high case fatality rate for at-risk populations, and that those who
have recovered may better appreciate the value of contact tracing based on their own
experience. A further line of inquiry would be to investigate whether the risk of infection
and/or the severity of the disease play a role. Why actively ill people are less “open-
minded” is not clear. It is conceivable that being ill itself is a greater psychological burden
at this time and thus altruistic motives, which may be present in recovered individuals, are
relegated to the background.

Limitations

This study had several limitations. First, recruitment was conducted via social media,
which alters the age composition of potential study participants compared with the general
population. Data collection via social media also raises questions about misinformation
in and through social media. Participants’ sources of information were not queried. In
addition, the study excluded individuals who are technophobic and do not use computers
or social media from participation. Finally, the recruitment method excluded ill persons
if they were too ill to use a computer at the time of recruitment. However, because this
study was designed to identify differences in technology acceptance between patients,
former patients, and healthy individuals, these limitations are of rather minor importance.
Furthermore, due to the diverse nature of participants there were many sociodemographic
differences between Groups 1-3, making results of comparative analysis between these
groups difficult to interpret. To determine the extent to which these differences impacted
our comparative analysis, we cross-examined all groups and their respective sociodemo-
graphic categories. These results, presented in Section 3.4 and listed in Table A1 in the
Appendix A, show that, of 136 analyses, only 19 showed significant differences. Although
it is important to mention these sociodemographic differences as possible limitations, these
results further strengthen the validity of the data and conclusions.

5. Conclusions

This study confirmed the initial hypothesis that being ill or having recently been seri-
ously ill increases open-mindedness toward new technologies and acceptance of medical
technology related to the respective illness, and that this acceptance slightly decreases after
recovery. This should have implications for preventive approaches in medicine.
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S.R.; Validation, S.S., G.D., K.J.G.S.; Formal analysis, S.S.; Investigation, S.S.; Resources, S.S., G.D.;
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KJ.G.S., ETH,; Visualization, S.S., S.R., EN.; Supervision, G.D., K.J.G.S. All authors have read and
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Int. J. Environ. Res. Public Health 2021, 18, 9367 16 of 17

Appendix A

Funding: This research project was privately funded by the authors.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the or Ethics Committee Medical School Hamburg
(MSH-2021/121, 3 March 2021).

Informed Consent Statement: Patient consent was given before the questionnaire was filled out.
The survey was conducted unanimously and the data collected did not aim to connect the particular
participant to their answers but aimed to collect opinions in terms of agreement or disagreement
with different statements. Moreover, the survey was voluntary and did not target specific people;
instead, participants took part in the survey at their own will.

Data Availability Statement: The data used for all statistical analysis and calculations are stored in
the research data repository PsychArchives and can be found here: https://hdl.handle.net/20.500.1
2034/4223 (accessed on 25 July 2021). Data storage was performed as stated in the ethical application
under the number MSH-2021/121.

Conflicts of Interest: The authors declare no conflict of interest.

Table Al. p-values of interactions between Group 1 (COVID), Group 2 (Recovered), and Group 3 (Healthy) and sociode-
mographic indicators for all dependent variables. ANOVA comparing Groups 1-3 to the different scales of the TUI

questionnaire.
Interactions
Group 1-3 Group 1-3 Group 1-3 ((;; roup 1-3 Group 1-3 Group 1-3 Group 1-3 Group 1-3
roup Has Group .
Group Group Age Group . . Educational Group Place Group Place
. Minor Smoking . c
Gender Group Marital Status . Level of Residence of Living
Children Status
Curiosity 0.545 0.965 0.023 0.214 0216 0.171 0.021 0.320
tefﬁigl‘;fgy 0.043 0.330 0.121 0.975 0.113 0.774 0.453 0.860
Interest 0.418 0.274 0.242 0.011 0210 0.297 0.021 0.028
Usefulness 0.443 0.828 0.100 0.365 0.422 0.193 0.175 0.326
Skepticism 0.601 0.286 0.039 0.928 0.608 0.858 0.510 0.973
Usability 0.083 0.765 0.353 0.371 0.451 0.531 0.161 0913
Accessibility 0.139 0.824 0.696 0.175 0.008 0.364 0.338 0.012
C(ZZ {Er;f;etciﬁc 0.319 0.872 0.998 0.321 0476 0.112 0.005 0.302
C(S)t\; ﬁ;ﬁﬁﬁc 0.028 0.856 0.147 0.957 0.125 0.360 0.035 0.364
C(zt\; g:;e:;ﬁc 0.451 0.745 0.540 0.583 0.603 0.514 0.351 0.439
C(zt‘; I?;gﬁﬁc 0.657 0.993 0.169 0.622 0.335 0.519 0.110 0.067
CC;Z g;;ffféﬁc 0.512 0.669 0.523 0.519 0.693 0.674 0.149 0.093
C?tz {E;frftcéﬁc 0.422 0.924 0.115 0.784 0.033 0.273 0.503 0.370
C(s)t‘; g;;lﬁcéﬁc 0.127 0.614 0.325 0.586 0.491 0.028 0.153 0.513
C?Z {Er:fricéﬁc 0.728 0.397 0.077 0.164 0.717 0.376 0.328 0.800
C(S)t\; g;fff;ﬁc 0.396 0.076 0.851 0.631 0.007 0.205 0.762 0512
COVID-specific 0.004 0.835 0.041 0.030 0.579 0.622 0.010 0.170

statement 10

Significant p-values are marked in bold.


https://hdl.handle.net/20.500.12034/4223
https://hdl.handle.net/20.500.12034/4223

Int. J. Environ. Res. Public Health 2021, 18, 9367 17 of 17

References

1. Venkatesh, V.; Thong, ].Y; Xu, X. Unified theory of acceptance and use of technology: A synthesis and the road ahead. J. Assoc.
Inf. Syst. 2016, 17, 328-376. [CrossRef]

2. Venkatesh, V.; Zhang, X. Unified theory of acceptance and use of technology: U.S. vs. China. J. Glob. Inf. Technol. Manag. 2010, 13,
5-27. [CrossRef]

3. Williamson, B.; Aplin, T.; de Jonge, D.; Goyne, M. Tracking down a solution: Exploring the acceptability and value of wearable
GPS devices for older persons, individuals with a disability and their support persons. Disabil. Rehabil. Assist. Technol. 2017, 12,
822-831. [CrossRef] [PubMed]

4. Farina, N.; Sherlock, G.; Thomas, S.; Lowry, R.G.; Banerjee, S. Acceptability and feasibility of wearing activity monitors in
community-dwelling older adults with dementia. Int. J. Geriatr. Psychiatry 2019, 34, 617-624. [CrossRef] [PubMed]

5. Thorpe, ].R.; Forchhammer, B.H.; Maier, A.M. Development of a sensor-based behavioral monitoring solution to support dementia
care. [MIR mHealth uHealth 2019, 7, €12013. [CrossRef] [PubMed]

6. Todaka, K.; Kishimoto, J.; Ikeda, M.; Ikeda, K.; Yamamoto, H. Impact of risk-benefit perception and trust on medical technology
acceptance in relation to drug and device lag: A tripartite cross-sectional survey. Ther. Innov. Regul. Sci. 2018, 52, 629-640.
[CrossRef] [PubMed]

7. Holmes, D.R.; Wood, D.L. Medical devices and pharmaceuticals: Differences in public acceptance. Am. Heart Hosp. J. 2006, 4,
269-272. [CrossRef] [PubMed]

8. Tolomeo, D.E.; Clarke, L.A. Medical devices: The obvious, the readily-accepted, and the surprising. J. Health Life Sci. Law 2008, 1,
119-144.

9.  Liberman, A.; Buckingham, B.; Phillip, M. Diabetes technology and the human factor. Int. J. Clin. Pract. Suppl. 2011, 170, 83-90.
[CrossRef] [PubMed]

10. Hoppe, C.; Feldmann, M.; Blachut, B.; Surges, R.; Elger, C.E.; Helmstaedter, C. Novel techniques for automated seizure registration:
Patients” wants and needs. Epilepsy Behav. 2015, 52, 1-7. [CrossRef] [PubMed]

11. Thilo, EJ.; Hahn, S.; Halfens, R.J.; Schols, ].M. Usability of a wearable fall detection prototype from the perspective of older
people—A real field testing approach. . Clin. Nurs. 2019, 28, 310-320. [CrossRef] [PubMed]

12.  Hines, S.E.; Brown, C.; Oliver, M.; Gucer, P,; Frisch, M.; Hogan, R.; Roth, T.; Chang, J.; McDiarmid, M. User acceptance of reusable
respirators in health care. Am. ]. Infect. Control. 2019, 47, 648-655. [CrossRef] [PubMed]

13.  OECD. The Face Mask Global Value Chain in the COVID-19 Outbreak: Evidence and Policy Lessons. 4 May 2020. Available
online: http:/ /www.oecd.org/coronavirus/policy-responses/ the-face-mask-global-value-chain-in-the-COVID-19-outbreak-
evidence-and-policy-lessons-a4df866d/ (accessed on 20 July 2021).

14. Law, D.; Cheung, M.C,; Yip, ].; Yick, K.L.; Wong, C. Scoliosis brace design: Influence of visual aesthetics on user acceptance and
compliance. Ergonomics 2017, 60, 876-886. [CrossRef] [PubMed]

15. Monden, K.R,; Philippus, A.; MacIntyre, B.; Welch, A.; Sevigny, M.; Draganich, C.; Agtarap, S.; Morse, L.R. The impact of stigma

on psychosocial outcomes following spinal cord injury: A cross-sectional analysis of stigma-mediated relationships. Rehabil.
Psychol. 2020, 66, 202-212. [CrossRef] [PubMed]


http://doi.org/10.17705/1jais.00428
http://doi.org/10.1080/1097198X.2010.10856507
http://doi.org/10.1080/17483107.2016.1272140
http://www.ncbi.nlm.nih.gov/pubmed/28100086
http://doi.org/10.1002/gps.5064
http://www.ncbi.nlm.nih.gov/pubmed/30701592
http://doi.org/10.2196/12013
http://www.ncbi.nlm.nih.gov/pubmed/31199304
http://doi.org/10.1177/2168479017739267
http://www.ncbi.nlm.nih.gov/pubmed/29714546
http://doi.org/10.1111/j.1541-9215.2006.06102.x
http://www.ncbi.nlm.nih.gov/pubmed/17086007
http://doi.org/10.1111/j.1742-1241.2010.02583.x
http://www.ncbi.nlm.nih.gov/pubmed/21323817
http://doi.org/10.1016/j.yebeh.2015.08.006
http://www.ncbi.nlm.nih.gov/pubmed/26366675
http://doi.org/10.1111/jocn.14599
http://www.ncbi.nlm.nih.gov/pubmed/29964344
http://doi.org/10.1016/j.ajic.2018.11.021
http://www.ncbi.nlm.nih.gov/pubmed/30638674
http://www.oecd.org/coronavirus/policy-responses/the-face-mask-global-value-chain-in-the-COVID-19-outbreak-evidence-and-policy-lessons-a4df866d/
http://www.oecd.org/coronavirus/policy-responses/the-face-mask-global-value-chain-in-the-COVID-19-outbreak-evidence-and-policy-lessons-a4df866d/
http://doi.org/10.1080/00140139.2016.1227093
http://www.ncbi.nlm.nih.gov/pubmed/27547883
http://doi.org/10.1037/rep0000371
http://www.ncbi.nlm.nih.gov/pubmed/33382334

	Introduction 
	Material and Methods 
	Recruitment 
	Data Collection 
	Statistical Analysis 

	Results 
	Basic Demographic Parameters 
	Technology Acceptance 
	COVID-Specific Questions 
	Confounding Parameters 

	Discussion 
	Conclusions 
	
	References

