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Objectives: Technological advances using telemedicine and telehealth are growing in healthcare fields, but the evaluation
framework for them is inconsistent and limited. This paper suggests a comprehensive evaluation framework for telemedicine
system implementation and will support related stakeholders’ decision-making by promoting general understanding, and re-
solving arguments and controversies. Methods: This study focused on developing a comprehensive evaluation framework by
summarizing themes across the range of evaluation techniques and organized foundational evaluation frameworks generally
applicable through studies and cases of diverse telemedicine. Evaluation factors related to aspects of information technol-
ogy; the evaluation of satisfaction of service providers and consumers, cost, quality, and information security are organized
using the fishbone diagram. Results: It was not easy to develop a monitoring and evaluation framework for telemedicine
since evaluation frameworks for telemedicine are very complex with many potential inputs, activities, outputs, outcomes,
and stakeholders. A conceptual framework was developed that incorporates the key dimensions that need to be considered
in the evaluation of telehealth implementation for a formal structured approach to the evaluation of a service. The suggested
framework consists of six major dimensions and the subsequent branches for each dimension. Conclusions: To implement
telemedicine and telehealth services, stakeholders should make decisions based on sufficient evidence in quality and safety
measured by the comprehensive evaluation framework. Further work would be valuable in applying more comprehensive
evaluations to verify and improve the comprehensive framework across a variety of contexts with more factors and partici-

pant group dimensions.
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In particular, after the Korean government announced the
revised medical law allowing physician-to-patient-based
telemedicine, telemedicine has become a more divisive issue
with physicians’ firm opposition due to the insecurity of pa-
tients’ health and other drawbacks. The Korean government
supports telemedicine as an alternative to reduce the medical
financial burden for sustainable management of the national
healthcare industry according to changes of development in
the national healthcare environment [4]. In this context, a
sequential pilot project implementing telemedicine has been
carried out in Korea [5]. Since then, as the Internet network
and other information and communication technologies
(ICTs) are rapidly growing, the government has begun to
support physician-to-patient-based telemedicine. However,
negative impacts, such as functional weakening of primary
care and concentration of patients into large hospitals are
concerns.

Physician-to-patient-based telemedicine is controversial
among stakeholders because the prospects of telemedicine
from all the parties are different. Moreover, the fundamental
reason is that understanding and evidence of its advan-
tages are insufficient. The government raises the aspect of
advantages through implementing telemedicine, which are
improvement of accessibility, cost saving, quality of medi-
cal service, and satisfaction of patients. On the other hand,
the healthcare sector agitates against telemedicine if there
are thought to be threats to the national health involved in
the adoption of telemedicine. From the industrial perspec-
tive, the ICT industry is also contrary to healthcare sector,
so academia focuses more on the problems generated by
telemedicine. The most important point is that the public
who are direct consumers of services have not had an op-
portunity to form or express their opinions regarding tele-
medicine. Inequality of accepting specialized information or
knowledge about telemedicine, which includes complex and
multifaceted characteristics, leads to the limitation of public
understanding [5,6].

Therefore, there must be sufficient understanding of a com-
prehensive and multilateral evaluation framework to con-
verge the opinions from the government, healthcare sector,
industry, and academia, as well as the public. This paper sug-
gests a comprehensive evaluation framework for telemedi-
cine and telehealth system implementation and is intended
to support related stakeholders’ decision-making by promot-
ing general understanding and resolving arguments and con-
troversies. Specifically, the following research objectives were
taken into consideration: 1) analyzing the existing alterna-
tive evaluation strategies, methodologies, frameworks, and
approaches for telemedicine and telehealth in addition to
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those for health information systems in general, 2) gaining
insight into multiple dimensions and factors that influence
the quality and outcomes of telemedicine and telehealth sys-
tems by determining the attributes that may serve as barriers
or facilitate the system, and 3) identifying common themes
and issues in constructing an evaluation framework.

Il. Scope of Evaluation Framework

1. Telemedicine and Telehealth

The terms telemedicine and telehealth tend to be used inter-
changeably, but there is general convergence of opinion that
telemedicine is a subset of telehealth [7]. Both use “audio,
video, and other telecommunications and electronic infor-
mation processing technologies to provide health services
or assist healthcare personnel at distant sites” [8]. However,
while telemedicine refers to remote clinical services, such
as consultation, diagnosis, treatment, and transfer of medi-
cal data, telehealth can refer to remote non-clinical services,
such as administrative procedures, training, and education,
in addition to clinical services [9].

However, more studies and published documents on
telemedicine are found than on telehealth because the clini-
cal practice of telemedicine services involves more obstacles
and barriers, such as licenses, reimbursement, etc. On the
other hand, most success factors for telemedicine service
can be expanded to telehealth since both systems use much
of the same infrastructure of ICT equipment and networks,
and they are used by the same types of professionals and
consumers. Therefore, this study mainly emphasizes clinical
telemedicine services for developing the factors of the evalu-

ation framework.

2. Need for Evaluation Framework

We need a comprehensive evaluation framework for tele-
medicine and telehealth because the systems are very com-
plex with multiple stakeholders and indirectly valued by
multiple factors. Recently, Poultney [10] summarized the
current problems for evaluating telemedicine and telehealth
services with three issues: no universally accepted standard,
varying weaknesses of current methodologies in terms of
appropriateness, and limited coverage of evaluation focus on
clinical-benefit and cost-benefit.

A variety of factors influence the implementation and
operation of telemedicine services. In general, the system
requires administrative, organizational, behavioral, techno-
logical, sociological, financial, and political justifications.
Therefore, telemedicine services should be assessed continu-
ously and multi-dimensionally from the planning stage to
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performance evaluation. In addition, a number of sub-fac-
tors for each dimension of the service should be considered
for the evaluation framework. For example, for the economic
aspects, measurements should include evaluations of not
only costs and benefits for multiple stakeholders but also in-
surance coverage and reimbursement.

3. Approaches to Comprehensive Evaluation
Telemedicine services are complex in nature compared with
traditional provider-to-patient on-site healthcare delivery
services. Therefore, evaluation frameworks for telemedicine
can also be complex with many potential inputs, activities,
outputs, outcomes, and stakeholders. This may be one rea-
son for a lack of established telehealth evaluation protocols
[11]. There is no standardization of definitions, criteria, and
measures across the literature, which leads to ambiguity and
confusion. Moreover, the methodologies for conducting tele-
medicine evaluations are not consistent. In addition, since
there is no link between the telemedicine evaluation criteria
and health performance indicators, the overall impact of
telehealth on the healthcare system cannot be judged [12].
There have been a variety of researches conducted on the
evaluation of telemedicine. However, some have focused on
particular clinical specialties while others focus on specific
outcomes such as cost-effectiveness, patient satisfaction or
clinical functional outcomes, etc., and a few have concen-
trated on frameworks and guidelines to evaluate and support
telemedicine [12,13]. This study focused on a comprehensive
evaluation framework by summarizing themes across the
range of evaluation techniques. The framework will make it
more efficient to undertake evaluation of any telemedicine
implementation, to produce more widely applicable findings,
to share these and to improve practice based on the collec-
tive results. A conceptual framework will be provided to
incorporate the key dimensions, criteria and measures that
need to be considered in the evaluation of telehealth imple-
mentations for a formal structured approach to the evalua-

tion of a service.

Table 1. Dimensions of information system success

HIR

[1l. Review of Existing Evaluation Approaches

Ammenwerth and de Keizer [14] suggested that an evalua-
tion of information systems in healthcare fields must con-
sider multiple stakeholders with heterogeneous perspectives:
the actors such as people, organizations, and community;
and artifacts such as technology, the environment (includ-
ing social and political characteristics), and their interac-
tions. Evaluation should also consider outputs and outcomes
for immediate results and intermediate goals, respectively.
Therefore, evaluating telemedicine entails incorporating all
these aspects with medical, technical, psycho-social, organi-
zational, business, political, and societal factors. In response,
this study attempted to develop a comprehensive framework
by extracting and combining elements from existing founda-
tional evaluation approaches.

1. Foundational Framework for Information Systems in
General

Basically, it is important to consider various quality improve-
ment techniques to check the effectiveness, efficiency, and
safety of the system and its processes. While there are many
techniques and tools for quality improvement in healthcare,
the fundamental framework for the quality of healthcare is
found in Donabedian [15]. The model observes the struc-
ture, processes, and outcomes of a service. Structure mea-
sures cover the accessibility, availability, and quality of re-
sources; process measures include the delivery of health care
services by clinicians and providers; and outcome measures
assess the final result of healthcare, which can be influenced
by environmental and behavioral factors. In the context of
information systems, the framework of structure, process,
and outcomes is presented in Table 1 as an example. DeLone
and McLean [16] considers structure measures with the
quality of information and system, process measures with
system use and user satisfaction, and outcome measures with
individual and organizational impact.

From the management information system (MIS) perspec-
tives, the conceptual model for MIS evaluation assesses

Structure

Process

Outcomes

Accessibility, availability, and quality
of resources
- Information quality - System use

- System quality

Delivery of health care services by cli-

nicians and providers

Final result of health care services
- Individual impact

- Organizational impact

- User satisfaction

The table is created in part by using the information from DeLone and McLean [16].
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attitudes, value perceptions, information usage, decision
performance on the process from need assessment, through
MIS design and development, to system implementation
[17]. Considering the popular technology acceptance model
(TAM) [18], the model has a strong user evaluation ap-
proach to acceptance of a technology or service, but no clini-
cal, organizational acknowledgement; hence, it is criticized
for perceived ease-of-use being a relatively poor indicator for
acceptance. For the security assurance outcome in particular,
Chaula et al. [13] proposed an information security assur-
ance framework considering non-technical factors as well as
technical factors along the assurance life cycle. The proposed
framework covers policy, design, implementation, and op-
eration assurance for a non-trusted system to be changed to
a trusted system.

2. Framework for Information Systems in Healthcare
Fields

The unified theory of acceptance and use of technology
(UTAUT) model was developed to understand the complex-
ity of determining healthcare professionals’ acceptance and
use of new ICT [19]. The model considers four core con-
structs, which impact a user’s behavioral intention, including
performance expectancy, effort expectancy, and social influ-
ence, as well as facilitating conditions. Another generic ICT
evaluation framework is found in the clinical, human and
organizational, educational, administrative, technical, social
(CHEATS) approach [20]. CHEATS covers a broad spec-
trum of multi-dimensional perspectives, especially human
and organizational factors. More practically, the factors re-
lated to electronic medical record technology acceptance by
healthcare professionals include the aspects of technological
system that are deployed, organizational compatibility, and
user technology skills, as shown in Table 2 [21].

3. Evaluation Framework for Telemedicine

More specific evaluation frameworks have been proposed for
telemedicne and telehealth systems. Ohinmaa and Reponen
[22] reported a five-dimensional assessment model including
performance measures (time, quality, cost); outcome mea-
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sures (safety, efficacy, effectiveness); summary measures (cost
comparisons); operational considerations (access, accept-
ability); and other issues (confidentiality, legal). Bashshur
et al. [23] defined a model using three dimensions based on
functionality, technology, and applications; explicitly, func-
tionality (consultation, diagnosis, monitoring, mentoring),
technology (modes, network design, connectivity), and ap-
plications (treatment modalities, medical specialty, disease
types, sites).

The Institute for a Broadband-Enabled Society (IBES) also
reported a unified approach for the evaluation of telehealth
implementations in Australia, using patient control, clinician
quality of care, organization sustainability, and technology
capability [24], with a strong approach to finance related
aspects and without consideration of human factors. On the
other hand, the telemedicine maturity model (TMMM) was
proposed with emphasis on the process with multiple matu-
rity levels of a telehealth service [25].

Rather recently, Nepal et al. [26] presented a broader and
integrated model with six major components for delivery de-
sign, implementation, and evaluation of telehealth services.
The six key dimensions are health domains, health services,
technologies, communication infrastructure, environmental
settings, and socioeconomic analysis. Example components
for each dimension are summarized in Table 3.

IV. Summary of Evaluation Framework for
Telemedicine

1. Outcome of Telemedicine

An evaluation framework for telemedicine can be considered
to be the examination of the quality and safety outcomes
and the influence of telemedicine services on these aims for
healthcare. If any telemedicine service has objectives con-
cerned with quality, the main frameworks for quality use the
key dimensions of care such as effectiveness of service, ap-
propriateness of means of delivery, acceptability, efficiency,
and equity. On the other hand, if any telemedicine service
has objectives concerned with safety, the main frameworks
use the dimensions of impact of medical error, type of pro-

Table 2. Electronic Medical Record technology and acceptance and use

Technological context

Organizational context

Technology user context

- Performance expectancy - Social influence

- Effort expectancy

- Organizational compatibility

- Facilitating conditions

- IT infrastructure design and implementation
- Skills and capability

- User habits of Healthcare professionals

The table is created in part by using the information from Mammen and Weeks [21].
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Table 3. Framework for telehealth based on six major components

HIR

Socio-economic

Layers Components .
analysis
Health domains Cancer, mental health, diabetes, cardiovascular diseases, respiratory - Cost
diseases - Benefits
Health services Consultation, diagnosis, monitoring, triage, mentoring, training/education, - Barriers

- Clinical outcomes

Store and forward, real-time video, hybrid (real-time + store-forward), fully

integrated EHR, real-time video with visual aids, advanced telehealth with

treatment
Technologies
sensors
Communication
infrastructure DSL, ISDN

Environment settings

NBN fiber, NBN wireless, NBN satellite, wireless 3G/4G, dial up, cable,

Location, medical professionals, devices, interactions

EHR: Electronic Health Record, DSL: digital subscriber line, ISDN: integrated services digital network.

The table is created in part by using the information from Nepal et al. [26].

cess failure, setting of incident occurrence, and cause or fac-
tors leading to safety incidents [27].

For both outcomes, the following common dimensions are
considered for the comprehensive evaluation framework: hu-
man participant-related aspects, healthcare service process,
organizational perspectives, administrative work, techno-
logical aspects, ethics and policies, etc. For example, human
participants comprise patients, clinicians (including doctors
and nurses), support personnel (including technicians or
laboratory staff), and management personnel (including ad-
ministration, technology providers, etc.).

2. Dimensions of Successful Telemedicine Implementation
based on Barriers

Many published studies have shown positive healthcare out-
comes of telemedicine through enhanced communication
with health providers and closer monitoring [28], but tele-
health also creates some new risks and challenges along with
new opportunities for the healthcare industry. Therefore,
telemedicine must still overcome a variety of obstacles and
barriers before it reaches its full potential. A few studies have
addressed licensure and reimbursement issues along with
the development of telemedicine care standards as major ob-
stacles [29]. However, more barriers to the implementation
of telemedicine need to be recognized in a comprehensive
evaluation framework with a broad spectrum of issues and
obstacles. The barriers can be classified into the following
five categories: behavioral, organizational, technical, eco-
nomical, and legal [30]. Representative examples for each
category are introduced as follows.
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1) Behavioral perspective

If end users, patients and healthcare providers, of the ser-
vices are not comfortable with the technology, it is difficult
to use or it does not fit into their workflow, adoption may be
expected to be difficult. This behavioral category includes
factors such as users’ empowerment, acceptance, and fear
of being replaced by technology. It has been observed that
“the success of a new telehealth service depends far more on
changing the clinicians and patient’s expectations and pat-
terns of behavior than on technology” [31]. Lack of training,
education, and technical assistance to telemedicine users
has been noted as a major obstacle to the effective use of ad-
vanced technology equipment and networks [32].

2) Organizational perspective

It is crucial to integrate telemedicine services into existing
organizational structures and to provide institutional support
to implement these services [33]. Whitten and Allen [34]
identified significant organizational communication deficits,
including an “absence of explicit strategic goals, perceived
central leadership, lack of information about technology,
poor design for scheduling and utilizing technology, and
poor communication with medical personnel and the public,
etc” Innovations in organizational communication and struc-
ture should follow innovations in telemedicine technology.

3) Technical/knowledge perspective

To be successful, telemedicine needs systems with technol-
ogy and knowledge to “consistently and reliably review
patient data and alerts and the development of appropriate
algorithms to respond to patient data in a manner that im-
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proves patient outcomes” [30]. Ineffective and ineflicient op-
eration of the resources that are available often results from
limited availability of an information network or a lack of
coordination in infrastructure. In addition, lack of evidence
to support the belief that telemedicine provides cost-effective
services is also a significant barrier to the expansion of tele-
medicine [8].

4) Economic perspective

Reimbursement policies constitute one of the most impor-
tant issues for telemedicine implementation. In particular,
insurance, especially private insurance, tends to be reluctant
to pay for telemedicine services. In the long run, the success
of telemedicine is almost impossible without adequate third-
party reimbursement. On the other hand, the perspectives of
physicians and insurers are also a significant issue to be con-
sidered because they are at opposing positions in terms of
costs and benefits of telemedicine. Therefore, economic per-
spectives should be considered at individual, organizational,
and societal levels, respectively.

5) Rules and regulations perspective

Medical liability and malpractice issues are the significant
before hospitals adopt telemedicine. In particular, if hospitals
use telemedicine to treat patients in multiple geographical
areas, clinicians have to make sure they are complying with
multiple sets of laws [35]. Issues regarding the security of
medical information can also be a significant barrier to tele-
medicine implementation [35]. In addition, since telemedi-
cine services hold and transmit rather sensitive patient data
electronically, hospitals need to keep electronic health infor-
mation secure and ensure that only the right people have ac-
cess to the data. Although medical records from traditional
healthcare delivery have ongoing privacy and confidentiality
issues, the adoption of ICT incurs additional risks in keep-
ing information secure. On the other hand, interoperability
issues among ICT equipment and networks are a potential

Evaluation Framework for Telemedicine
barrier due to a lack of standards.

3. Comprehensive Evaluation Framework

Considering existing evaluation frameworks for information
systems in general, health information systems, and tele-
medicine and telehealth only, the proposed dimensions and
their components are summarized and integrated with five
dimensions of barriers. In particular, while a longitudinal
framework with macro perspectives is presented with a logi-
cal framework approach, a horizontal and cross-sectional
framework with micro perspectives is presented with a fish-
bone diagram.

1) Logical framework approach for telemedicine

While the logical framework approach (LFA) is an analytical
process and a set of tools used to support project planning
and management with a long tradition in many other fields,
it is not commonly applied to the system development and
implementation for health information systems. According
to the World Bank [36], “the Logical Framework has the
power to communicate the essential elements of a complex
project clearly and succinctly throughout the project cycle. It
is used to develop the overall design of a project, to improve
the project implementation monitoring and to strengthen
periodic project evaluation”. In this context, the LFA is re-
quired for telemedicine and telehealth services since very
complex and difficult issues with multiple stakeholders are
involved. However, the formal procedure for the LFA re-
quires stepwise application of a stakeholder analysis, prob-
lem analysis, objectives analysis, alternative analysis, etc., to
derive the final summary matrix. Therefore, this study shows
and summarizes only evaluation steps of the project cycle in
Figure 1, as the basis for preparation of the LFA. The general
steps consist of inputs, activities, outputs, outcomes, and im-
pact in longitudinal order, and representative objectives and
components in each step are presented.

e IT infrastructure:  Telemedicine e Just-in-time e Improved e Improved
equipment & system care quality of care health status
network development o Better ¢ Enhanced of target

e Manpower: e Training & professional efficiency population
service provider education communication e Patient ¢ Improved
& patients e Enlarged satisfaction health related

e Skills & catchment area e Provider quality of life
knowledge * Improved satisfaction

¢ Funding accessibility ¢ Reduced

costs
~— ~ ~— AN J

Figure 1. Logical framework approach for telemedicine implementation.
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Work flow EXpeI-gl_?e on culture Reimbursement
Change 3" party payers
; management ital i ;
Coqurt with . 9 Hospital information Insurance fee
patient Education & systems schedule
communication Training
Budget ) ICT
Comfort with . infrastructure
. Work fi Training & Social norms &
provider Resistance to OrK TIOW \ _ support values Outcomes
interaction change reengineering o Cost
effectiveness
¢ Quality of
i care
o ocation! Reliability of  Patient
Isease technolo : ical liabili i i
characteristics Y /Data quality Medical liability, satisfaction
awareness )
ICT skills & Transmission Practice

certification &

knowled
nowlecee System speed

ICT equipment

User habit

User interface / |Information

security

Medical cost
(out-of-pocket)

Patient/client Technology

Interoperability

license
Interface
standards

Governmental
authority

Rules/policies

Figure 2. Fishbone diagram for a comprehensive evaluation framework for telemedicine implementation.

2) Fish-bone diagram for telemedicine

As a visualization tool for identifying the root causes of qual-
ity problems, the fishbone diagram summarizes potential
causes for an effect or problem by sorting possible causes
into categories [37]. The factors and barriers of telemedicine
implementation described in the previous section were reor-
ganized and sorted with the main skeleton and subsequent
bones of the diagram in Figure 2. The main skeleton consists
of three broad column categories with six dimensions: 1) hu-
man (service provider and patients/clients), 2) system (orga-
nization and technology), and 3) environment (society and
rules/regulation). For each of six dimensions, the potential
causes of significant factors and barriers that can influence
the outcomes are summarized in the diagram. Of course, the
branches and sub-components presented in the diagram are
exemplary, and not limited for the comprehensive evaluation
framework.

V. Conclusion

Telemedicine and telehealth are explosive technological
areas that appear to threaten traditional healthcare delivery
services while offering the potential to reform the healthcare
industry by reducing costs and increasing quality and patient
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satisfaction. Therefore, they are rapidly progressing toward
an essential core of healthcare delivery. However, there is
still controversy about the performance evaluation of tele-
medicine, for which enormous amounts of money and in-
formation technology have been invested. Stakeholders who
participate in telemedicine have various conflicting opinions
and ideas about outcomes and characteristics of services.
To bring consensus among their opinions, an evaluation
framework is required to verify the effectiveness and stabil-
ity of telemedicine to provide services taking into account
behavioral, administrative, technological, social, and policy
perspectives. However, it is not easy to develop a monitoring
and evaluation framework for any project concerned with
innovative services such as telemedicine and telehealth. This
study organized a basic evaluation framework generally ap-
plicable through articles and diverse cases of telemedicine
and telehealth. Evaluation factors concerning the aspects of
information technology, the satisfaction of service providers
and consumers, cost, quality, and information security were
organized using the fishbone diagram. To implement tele-
medicine services, stakeholders should make decisions based
on sufficient evidence of effectiveness and stability measured
by the comprehensive evaluation framework. Further work
would be valuable in applying more comprehensive evalua-
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tions to verify and improve the comprehensive framework

across a variety of context with more factors and participant

group dimensions.
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