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Abstract

The aim was to translate and cross-culturally adapt the original Telehealth Usability Questionnaire (TUQ) into
Danish and pre-test the translation on a sample of Danish patients with diabetes who received telemedicine.
Participants with diabetes (n = 34) completed the Danish TUQ and participated in semi-structured interviews.
The overall internal consistency was 0.857. The internal consistency for the five sub-groups ranged from 0.241
(sub-group four) to 0.857 (sub-group five). The study demonstrates an overall accepted statistical internal
consistency compared with the original TUQ, which makes it a reliable tool to assess patients’ perceptions after

using a telemedicine service.
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1 INTRODUCTION

Telemedicine solutions may use many different types of
communication technology to support patients remotely.
Various types of telemedicine solutions have been
proposed for a wide range of patients [1-5], including
patients with diabetes, pulmonary diseases, heart disease,
cancer, and so on [6-10]. Moreover, a meta-review from
2017 focusing on telehealth interventions to support self-
management of long-term conditions of diabetes, heart
failure, chronic obstructive pulmonary disease, and cancer
suggested that telemedicine is a safe way to deliver self-
management support and showed that users have a high
degree of acceptance of telemedicine. However,
telemedicine solutions were not consistently superior to
usual care [6]. This lack of consistent effect may be
explained by the shortcomings of telemedicine studies, as
their quality has been questioned [11]. One of the
shortcomings of telemedicine studies is that they fail to
explore patients’ experiences with the telemedicine
solution provided [11]. However, it is important to increase
knowledge about telemedicine solutions and their usability
to understand which solution is appropriate for which
patient [12]. Considering the COVID-19 pandemic, this
challenge has become even more relevant as the use of
telemedicine has increased [13-17]. This highlights the
need for tools to evaluate patients’ perceptions of the
quality of the telemedicine solutions provided.

Surveys have been commonly used to assess perceptions
and outcomes in telemedicine studies among both patients
and healthcare professionals [16,18].

The quality (i.e., consistency and transferability) of
telemedicine studies has been questioned, and improved
quality and reporting of telemedicine survey studies have
been called for [12]. Moreover, to the best of our
knowledge, the availability of surveys in the Scandinavian
languages, including Danish, are very limited, underlining
the need for a Danish validated and cross-culturally adapted
survey that evaluates patients’ perceptions of usefulness
and satisfaction with a provided telemedicine solution.

Several of the existing telemedicine-specific questionnaires
are lacking in their ability to evaluate more than one
telehealth system. Furthermore, most of the questionnaires
are only intended for either clinicians or patients and not
both at the same time [1,18]. The Telehealth Usability
Questionnaire (TUQ), however, has several advantages
since it is intended for use with various types of telehealth
systems and can be used both for clinicians and patients.
The final TUQ consists of 21 items assessing computer
usability, telemedicine solutions, and their quality. This
assessment focuses on usefulness, ease of use,
effectiveness, reliability, and satisfaction [19]. The original
development of TUQ was based on four phases: 1)
literature review, 2) construct development, 3) item
development, and 4) examination of reliability.

To test the reliability of the content of the originally
developed TUQ, 53 participants (21 males and 32 females)
were included in a three-month study, where participants
who regularly used telehealth technologies were asked to
complete the TUQ based on their recent interaction with a
selected system. At the same time, participants who had
never used or did not regularly use telehealth technologies
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were asked to take part in a simulated telehealth session and
afterwards complete the TUQ based on their interaction
[19]. After the three months were over, statistical analysis
was conducted and showed a solid, robust, and versatile
TUQ instrument [19]. Since the results from the study by
Parmanto et al. showed that TUQ is a relevant
questionnaire to evaluate telehealth systems, a Danish
translation and cross-cultural adaptation of it is highly
needed due to the increased use of telemedicine solutions
in the Danish healthcare sector.

Thus, the aim of the present study was to translate the TUQ
into Danish, pre-test it, and thereby cross-culturally adapt
the translation using a sample of Danish patients with
diabetes who had recently received a telemedicine service
in the form of a video consultation.

2 METHODS AND MATERIALS

2.1 Procedures

The English version of the TUQ was translated and adapted
for the Danish culture in accordance with the guidelines for
the process of cross-cultural adaptation of self-report
measures provided by Beaton et al. [20]. The term cross-
cultural adaptation refers to “a process that looks at both
language (translation) and cultural adaption issues in the
process of preparing a questionnaire for use in other set-
tings” [20]. The English version of the TUQ includes 21
items with the possibility to respond using a seven-point
Likert scale, where one represents total disagree and seven
represents fully agree or N/A. Besides the 21 items, a space
for more elaborate comments about the telemedicine
system is provided in the TUQ.

The cross-cultural adaptation of the TUQ was performed in
line with the process given by Beaton et al. [20] by using
forward-backwards translation. Table 1 gives an overview
of the steps in the process, which is described in detail
below the table. The letters in the brackets say which
authors did which of the tasks in the validation process.

Stage Action

| Forward translation by two translators

1 Synthesis of the two translators into one (T-12)
1| Backwards translation by two translators

v Expert committee review

\% Pre-testing and completing

Table 1 an overview of Beaton et al.’s five-stage cross
cultural adaption process [20].

Stage I: Forward translation

Two forward translators translated the English version of
the TUQ into Danish and produced two individual versions
(T1 and T2) of the Danish TUQ. Both translators were
bilingual, with Danish as their mother tongue. One
translator had a clinical background and was familiar with
the terms: telemedicine and usability. The other translator
did not have a clinical background and was not familiar
with the concepts of the TUQ. Both forward translators
were selected based on the criteria given by Beaton et al.
[20].

Time estimation: The number of working hours that each
of the forward translators spent varied be-tween two and
three hours. Their time was spent on literal translation work

and on how to include cultural differences in the translation
of the original TUQ (i.e.,, how the TUQ could be
implemented in a Danish context).

Stage Il: Synthesis of the initial translations (T-12)

Working from the original TUQ and the two independent
initial Danish translations (T1 and T2), the two forward
translators reached a consensus on a new version of the
Danish TUQ (T-12). The out-come (i.e., the issues
addressed by T1 and T2 in this synthesis step and how the
issues were resolved) was described in a written report.

Time estimation: The number of working hours for the
second stage was approximately one working day (eight
hours) per translator.

Stage I11: Backwards translation

To ensure the validity of the first two steps in the translation
process, a third step, back-wards translation, was
performed. Two independent backwards translators with
English as their mother tongue translated the T-12 version
of TUQ back into English and thus produced two different
back translations (BT1 and BT2). Both backwards
translators were familiar with the concepts of the TUQ, but
neither of them had a medical background. The backwards
translators were selected based on the criteria given by
Beaton et al. [20].

Time estimation: Each backwards translator spent
approximately half to one working day (four to eight hours)
on the translation.

Stage 1V: Expert committee review

The expert committee was composed of the two forward
translators, the two backwards translators, two health
professionals, a methodologist, and a language
professional. During their meeting, the expert committee
reviewed all the produced material from the previous stages
(stages I, II, and IlI, i.e., the English TUQ and each
translation [T1, T2, T-12, BT1, and BT2]) together with the
corresponding written report. The expert committee
discussed the translations and developed a pre-final version
of the Danish TUQ. Due to the COVID-19 pandemic, the
expert committee meeting was held digitally using
Microsoft Teams.

Time estimation: the expert committee used approximately
half a working day (three hours). The working hours did
not include the preparation time that each of the committee
members spent prior to the expert committee meeting.

Stage V: Pre-testing and completing

Participants with diabetes (n = 34) completed the Danish
TUQ. Subsequently, they participated in semi-structured
interviews concerning their basic demographics, their
responses to the TUQ, and the relevance of each item
within the Danish TUQ. This step was conducted to ensure
the reliability and consistency of the Danish TUQ.

After the last stage, the authors had a series of meetings and
went through the comments given by the interviewed
subjects. Again, a consensus was reached, and the authors
agreed on a final version of the Danish translation of the
TUQ.

Time estimation: The researchers spent approximately 30
minutes per interview (plus additional preparation time
before each interview and post-processing of the data). The
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duration of the physical meeting between the authors lasted
approximately two hours.

2.2 Participants in the Pre-test

All included participants (n = 34) were diagnosed with
diabetes and had received a telemedicine service in the
form of a video consultation within the last two months.
The included participants were recruited from the four
Steno Diabetes Centres located in Denmark (Steno
Diabetes Centre North Denmark, Steno Diabetes Centre
Aarhus, Steno Diabetes Centre Zealand, and Steno
Diabetes Centre Odense). The aim of the Steno Diabetes
Centres is to improve and prolong the lives of people with
diabetes in Denmark [21].

The participants were selected using consecutive sampling,
which refers to the inclusion of all accessible participants
at multiple data collection sites - in this study, the four
Steno Diabetes Centres. From each of the four sites, a
manager provided a list with the names of potential
participants. The potential participants had each received a
short description of the aim of the study by healthcare
professionals from one of the Steno Diabetes Centres. The
participants had given written informed consent, so re-
searchers (two assistant professors with experience within
telemedicine and questionnaire translation) from Aalborg
University were permitted to contact them by telephone
(due to the COVID-19 pandemic, the interviews were
performed by telephone). Each participant received a phone
call during which they received a detailed description of the
aim of the study and the study procedure. If the potential
participants agreed to participate in the study, a time and
date for a new phone call was planned. After the call ended,
each subject received an email including the Danish TUQ,
written information about the study, and their rights as a
participant in the study. Moreover, the participants were
encouraged to fill out the Danish TUQ based on their recent
experience with teleconsultation.

Approximately one week after receiving the email, each
participant received a phone call from the researchers. First,
the participants were asked to provide basic demographics
(sex, age, civil status, level of employment, level of
education, comorbidities, and diagnosis/reason they had
used the tele-medicine service). Second, each participant
was asked to provide their response for each questionnaire
item and their understanding of the meaning and relevance
of each of the items. In closing, after going through all 21
items, the researchers asked if there was anything the
participants wanted to add further to the interview. During
and after all 34 semi-structured interviews, the researchers
took notes.

The following criteria were outlined for the inclusion of
participants in the pre-test of the Danish TUQ:

Inclusion criteria: diagnosed with diabetes (either type 1 or
type 2 diabetes), have received a telemedicine service
related to their diabetes, > 18 years old (both men and
women were included), and able to read and understand
Danish.

Exclusion criteria: blindness, too ill to participate,
dementia, or other cognitive impairment (judged by the
healthcare professionals at the Steno Diabetes Centres),
unable to read or understand Danish and thereby fill out the
Danish TUQ.

2.3 Statistical Analysis

Descriptive statistics were presented with mean and
standard deviation (£ SD) or percentage of the participants.
The overall internal consistency of the Danish TUQ was
measured using Cronbach’s alpha, based on the data
collected from the semi-structured interviews [22]. For
each of the five sub-groups within the TUQ, the internal
consistency was also calculated. The sub-groups were
designed by Parmanto et al. based on covering all usability
factors (i.e., usefulness, ease of use, -effectiveness,
reliability, and satisfaction) [19]. These sub-groups were
sub-group one (items 1-3), sub-group two (items 4-6), sub-
group three (items 7-14), sub-group four (items 15-17),
and sub-group five (items 18-21).

The descriptive and reliability analyses were conducted in
IBM SPSS Statistics, version 27 [23]. The significance
level was set at 0.05.

2.4 Ethical Approval

The study was conducted in accordance with the Helsinki
Declaration [24] and Danish legislation; questionnaires and
qualitative studies do not require ethical approval since
they are based on written consent [25]. Likewise, it was not
required to have an approval from a data protection officer.
Each participant received time for deliberation before
giving informed written consent to participate in the study.
The data analysis was executed anonymously. The AGREE
checklist was followed.

3 RESULTS
Basic information on the participants
Number of participants 34
Male (sex) 18 53%
Age (y) 504 (x

13.5)

Living situation
In the city (defined as > 20,000 | 21 62%
inhabitants)
In rural area 13 38%
Civil status
Married or living with a partner 28 82%
Living alone 6 18%
Level of employment
Full-time employment 15 44%
Less than 37 hours per week 5 15%
No job (including those who have | 14 41%
retired)
Level of education
9™ or 10" grade or less (some only | 2 6%
completed 7™ grade)
High school 5 15%
Higher education 12 35%
Skilled worker (trade, industry, | 15 44%
office, etc.)
Comorbidities
Comorbidities (yes) 14 41%
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Comorbidities (no) 11 32%
Comorbidities (not answered) 9 26%

Table 2: Basic demographics of the 34 participants in the
study.

From table 2 an overview of the demographic information
of the participants included in the study is given. The
average age of the participants was 50.4 (SD: 13.5), and
most of the participants (62%) lived in the city (defined as
> 20,000 inhabitants).

Diagnose/reason why the participant received the
telemedicine service

Type 1 diabetes 17 50%
Type 2 diabetes 4 11.8%
Type 1.5 diabetes 2 5.9%
Screening for diabetes 2 5.9%
Follow up on a knee operation 1 2.9%
Dercum’s disease 1 2.9%
Follow up after a Gastric bypass | 3 8.8%
operation

Struma diffusa 1 2.9%
Physical outpatient clinic visit | 3 8.8%
changed to a telemedicine

consultation

Table 3: Overview of the different reasons or diagnosis of
why the participants received the telemedicine service.

Table 3 generates an overview of the diagnoses or reasons
why the participants received a telemedicine service. Half
of the participants (50%) received the telemedicine service
in relation to their type 1 diabetes, while 11.8% received
the telemedicine service due to type 2 diabetes. The rest of
the reasons why the participants received the telemedicine
service were either related to comorbidities or related to
organizational changes implemented to meet the COVID-
19 restrictions.

3.1 The Distribution of Answers

Overall, the Danish TUQ consisted of 21 items, as did the
original TUQ [19]. Table 4 gives an overview of the
accumulated distribution of answers related to each item
(Item 1 to Item 21) given by the 34 participants included in
the study. Response category 7 was most used (48.2%),
followed by response category 6 (18.8%). Response
category 2 was the least used (1.6%), followed by response
category 3 (2.0%). Regarding item 20, 30 out of 34
participants answered using response category 7. Item nos.
16 and 17 were considered not relevant by 29 of the 34
participants.

No. Response category
1 2 3 4 5 6 7 N/A
1 2 0 1 4 8 11 1
2 1 0 0 0 2 5 26 0
3 3 2 2 7 9 2 S 0
4 1 0 1 2 1 6 22 1
5 1 0 0 4 1 8 20 0

6 0 1 0 2 1 11 15 4
7 1 1 0 0 3 7 22 0
8 1 1 0 4 7 7 14 0
9 2 0 0 1 1 10 19 1
10 2 0 3 3 4 6 15 1
11 2 0 1 1 0 7 22 1
12 0 0 1 1 4 4 21 2
13 2 0 0 1 3 7 20 0
14 3 2 2 0 9 5 11 2
15 4 1 3 4 8 6 2
16 0 1 0 0 1 1 29
17 1 2 0 0 O 1 29
18 1 0 0 0 6 4 22 1
19 1 0 0 3 2 12 16

20 1 0 0 1 |0 2 30 0
21 1 0 0 1 0 11 21 0

Total 30 11 14 39 |68 133 341 72

Table 4: The accumulated distribution of responses related
to each item, including the response categories:
1,2,3,4,5,6,7 or not relevant (N/A) given by the 34
participants. The number of times a response category was
used is visualized by colour ranging from green to red.
Green indicates the lowest number of times a value was
given, while red indicates the highest number of times a
value was given.

3.2 Internal Consistency

The overall internal consistency of the Danish TUQ was
measured as a Cronbach’s alpha of 0.857. Table 5 gives an
overview of the internal consistency for each of the five
sub-groups that the original TUQ was divided into [19].
The Reliability group (items 15-17) showed the lowest
Cronbach’s alpha value (0.241), while the Satisfaction and
future use group (items 18-21) showed the highest
Cronbach’s alpha value (0.857).

No. | Name Items Cronbach’s
alpha value

Usefulness 1-3 0.579
Ease of use & |49 0.759
learnability

3 Effectiveness 10-14 0.795
Reliability 15-17 | 0.241
Satisfaction and future | 18-21 0.857
use

Table 5: Overview of the internal consistency for the five
subgroups within the Danish TUQ.

4 DISCUSSION

The aim of this study was to translate the original
Telehealth Usability Questionnaire by Parmanto et al. [19]
into Danish and cross-culturally validate the translation by
pre-testing it and using a sample of Danish patients with
diabetes who had received a telemedicine service within the
last two months. The Danish TUQ was pretested on 34
participants with diabetes to ensure reliability, which is in
accordance with Beaton et al. [20]. The overall internal
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consistency of the Danish TUQ was found to be satisfactory
(Cronbach’s alpha: 0.857) [26].

The present study mirrors similar translation studies. A
very similar study to this is a translational validation study
by Vidal-Alaball et al., which included 33 participants.
That translation showed a similar Cronbach’s alpha of 0.84
in a Catalan version of the Health Optimum Telemedicine
Acceptance Questionnaire [1]. In addition, Micoulaud-
Franchi et al. aimed to translate and validate a French
version of a six-item self-reported questionnaire that
evaluates the extent to which patients find e-health systems
acceptable [27]. According to the authors, their validation
process revealed a satisfactory level of acceptance (i.e., a
Cronbach’s alpha of 0.7) [27]. When Parmanto et al.
developed and tested the TUQ, they found that the
Cronbach’s alpha value was 0.8 [19], which is in line with
the findings of the present study. Finally, in a systematic
review by Weaver et al., a list of available telehealth survey
instruments was examined with appertaining calculated
Cronbach’s alphas [16]. From their systematic assessment,
Weaver et al. identified twelve telehealth communication
assessment instruments and their  corresponding
Cronbach’s alpha values, which ranged from 0.7 to 0.93.
This systematic review, including the studies by Vidal-
Alaball et al. and Micoulaud-Franchi et al., confirms the
trend that a Cronbach’s alpha value between 0.7 to 0.9 is
generally considered acceptable [22]. Thus, the measured
Cronbach’s alpha in this study is in line with the trend.

4.1 The internal consistency

When comparing the Cronbach’s alpha for each of the five
sub-groups within the Danish TUQ with the same five sub-
groups within the original TUQ, the values are closely
related, with only a few deviations. Three out of the five
sub-groups were almost identical (e.g., sub-group two:
original = 0.92, Danish = 0.759; sub-group three: original
=0.86, Danish = 0.795; and sub-group five: original =0.91,
Danish = 0.857). The remaining two sub-groups deviated
much from each other (sub-group one: original = 0.83,
Danish = 0.579; sub-group four: original = 0.79, Danish =
0.241). There could be several explanations for the
deviations seen within the two sub-groups. However, the
most reasonable explanation is probably that the number of
participants included in the studies has an important
influence on Cronbach’s alpha. In the study by Parmanto et
al., 53 participants were included [19], whereas only 34
participants were included in the present study. The low
Cronbach’s alpha in sub-group four could be explained by
the fact that 29 of the participants responded Not relevant
to two of three items in this specific sub-group. These items
concern potential issues regarding the specific telehealth
system, and the responses indicate that the participants did
not experience any issues when using the telehealth system.

4.2 Reduction in the number of questions

When looking at the accumulated distribution of answers
related to each item (Table 4), the participants used
response category 7 most often. This might indicate that the
participants were very satisfied with the telemedicine
service they received and/or that they understood the item
without problems. When it comes to items 16 and 17, the
participants used the response category Not relevant the
most. This may indicate that there were no problems with

the system; however, it may also indicate that the
translation was insufficient. When going through each of
the items and the appertaining given response categories
with the participants during the interviews, it appears that
the participants clearly understood these items. Thus, there
might be an indication of a need for a reduction in the
number of questions.

To our knowledge, this study is the first initiative
conducted where the original TUQ has been translated into
Danish or any other Scandinavian language. A limitation of
the study is that only 34 participants were included. Even
though Beaton et al. argue that 30 to 40 participants is an
ideal number to test on, it may have had an impact on the
calculated Cronbach’s alpha in this study compared to the
original study where 53 participants were included [19] or
other studies with several participants included [28]. Thus,
it could be relevant to test the Danish TUQ on a larger scale.
Moreover, telemedicine includes various technologies,
users, and organizational setups [6-10]. A highly relevant
next step would be to validate the Danish TUQ on different
telemedicine solutions with other types of users to ensure
the applicability of the Danish TUQ to all available
telemedicine solutions.

4.3 Developing in a Danish context

Another limitation of the study is related to the cross-
cultural differences in the healthcare sector (i.e., the context
where the original TUQ was developed differed from the
context where the Danish TUQ was implemented).
However, this study followed the cross-cultural adaptation
process prescribed by Beaton et al. [20], and these concerns
should, therefore, be minimal. Finally, the study was
limited by the fact that the included participants were not a
representative sample of people with diabetes compared to
the future users of the Danish TUQ. However, when
observing the basic demographics in Table 2 and Table 3,
it is evident that they represent the typical patient with
diabetes in accordance with the characteristics given by the
World Health Organization and several other studies
describing the typical characteristics of people with
diabetes [29-33].

4.4 Conclusion

A translation and cross-cultural adaptation of the original
TUQ was performed into Danish. The study demonstrates
an overall accepted statistical internal consistency
compared with the original TUQ, which makes it a reliable
tool to assess patients’ perceptions after using a
telemedicine service. Future work could include testing the
TUQ on other groups of patients since the Danish TUQ was
only pre-tested on patients with diabetes. Furthermore, it
has become evident that telemedicine services will be a
more integrated part of receiving healthcare services in the
aftermath of the COVID-19 pandemic.

5 SUMMARY

The original TUQ was translated and cross-culturally
adapted into Danish. The study demonstrates an overall
accepted statistical internal consistency compared with the
original TUQ, which makes it a reliable tool to assess
patients” perception of telemedicine after receiving a
telemedicine service.
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