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Abstract. Country experiences in Australia, New Zealand, Norway, Taiwan, and UK have been in favor
of telehealth services since the early 1990s. Though a few studies do discuss evidence of the efficacy and
cost-effectiveness of telehealth programs, the literature might limit to financial evaluation. This research
investigates the welfare implications of conventional in-person and telecommunications health care
as improving health levels or preventing health from deterioration for efficient resource allocation by
incorporating government intervention for equal accessibility of health care in the economic progress
perspective. Analytical findings indicate that the inverse U shape relationship between telehealth
expenditure share and social welfare status exists as the nonlinear nexus between telehealth expenditure share and economic growth presents. The health dividend in terms of an enhanced economic
growth rate can be achieved only when the initial share of telehealth expenditure is smaller than the
growth-maximizing share. For economic sustainable development, telehealth initiatives strengthen
rather than compete with conventional in-person health care. Research results guide the countries,
which have or will have telehealth systems, for effectively allocating medical resources to stimulate
economic growth and improve the population’s well-being.
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1. Introduction
Equality of access of the population to health care services is an important political and public
health issue for over three decades. The geographic, time, social and cultural barriers can
prevent patients and providers to meet in person. Telecommunications systems offer new
ways to practice medicine and are technologically based innovative systems for the remote
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delivery of personal health services, continuing medical education, and patient health education (Bashshur 1995). Country experiences in Australia, New Zealand, Norway, Taiwan, and
UK have been in favor of telehealth services since the early 1990s by conducting a remote
consultation with a general practitioner and guide him through a consultation with a patient
by means of a two-way audio and video connection. The teleconsultation includes: teleradiology, teledermatology, telepathology, and telepsychiatry (Darkins, Cary 2000).
The World Health Organization (WHO) (Antezana 1997) distinguishes telemedicine from
telehealth as the former incorporates these systems into curative medicine and is orientated
more towards the clinical aspect and might be only associated with physicians while the latter covers health education, public and community health, health system development and
epidemiology. For practical advantages, this research uses the term of telehealth rather than
telemedicine to describe remotely delivered health services.
Decision makers and psychiatric consulters evaluate clinical applications of telehealth
programs. Among evaluation studies, Roine et al. (2001) and Wade et al. (2010) provide
systematic reviews of the literature. Two assessments contributed to the evaluation. One
documents the effects of telecommunications systems on physician-patient communication
and focuses on the accessibility of health care and perceptions of patients and clinicians (e.g.
US Congress 1990; Puig-Junoy et al. 1998; Agha et al. 2009; Valls et al. 2010). Such evaluation
might not analyze the variability of patient satisfaction with care. The other concentrates on
the financial assessment of telehealth in rural health care networks and evaluates the financial
consequences of decisions by comparing alternatives in financial terms (e.g. Bashshur 1995;
Brent 2003; Dowie et al. 2008; Le Goff-Pronost, Sicotte 2010). The literature does discuss
evidence of the efficacy and cost-effectiveness of telecommunications health services, albeit
the criteria might limit to dollar value.
On the evaluation of conventional health care provision, equality of access is a standard
for health services. Olsen and Rogers (1991) develop the welfare implications of health care
by assuming a linear production possibility frontier and find that unequal access occurs in
the absence of government intervention when agents care about equal access of goods. Based
on normative economics, Hurley (1998) defines health care as encompassing those goods
and services whose primary purpose is to improve or prevent deterioration in health. On the
other hand, according to the US Department of Commerce (1999), information technology
accounts for more than one third of the nation’s real economic growth. A population with
accessibility to online services, including health care, transportation, government and education, possesses better information about jobs, education, and health (Brodie et al. 2000;
Autor 2001). Health care provisions through telecommunications are expected to link the
economic growth and the development of new health services.
With this background, this research turns to provide a framework to investigate the welfare
implications of conventional in-person and telecommunications health care as improving
health levels or preventing health from deterioration for efficient resource allocation by incorporating government intervention for equal accessibility of health care in the economic
progress perspective. Incorporating the contribution of Sen (1999) on welfare economics,
economic growth should meet the demands of the people. This shows that a broader perspective of economic growth is required to take the most critical variables into account that are
influenced by economic development. This research adheres to this principle and is based on
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the standard growth model of Barro (1990) to establish a new growth framework to analyze
how the allocation of medical resources between telecommunications and in-person health
care systems does affect economic progress and social welfare. This is one of the first papers
to investigate the interrelationship between information technology, health care provision,
economic growth, and well-being in the context of medical resource allocations.
In the following, Section 2 expresses agents and government’s behavior. Section 3 provides
numerical examples to estimate the optimal telehealth expenditure share for maximizing economic growth and social welfare. Section 4 discusses the policy implications and concludes.
2. The analytical framework
Consider an economy that is populated by households and firms. The representative household
lives infinitely and pursues discounted lifetime utility maximization from consumption C,
and from health, H.
t =∞

∫ [ln C(t ) + η ln H (t )]exp(−δt )dt ,

h > 0,

(1)

t =0

in which η presents the positive impact of health on utility and δ is the time preference rate
or subjective discount rate. In the following, time scripts have been dropped for simplicity.
Individuals demand for health care services for improving levels of health and guarding against
the effects of ill health. The provision of more health services through telecommunications T,
and in-person M, health care systems leads to better health (Hurley 1998):

.
H= T + M

(2)

On the production side, the household producer possesses the following production
technology:
y = Ak α g 1−α ,
(3)
in which A is the technological parameter, a and 1 – a respectively represent the elasticity of
real output with respect to per capita capital stock, k, and government purchases of goods and
services, g. All producers are symmetric, which implies that they set the same price and output
in equilibrium. Goods market is perfect competition. The production function is concave
with constant returns to scale and ensures that the maximization problem is well defined.
Government spends parts of output σy, on health care expenditure, including spending
on telecommunications health care βσy, and in-person health care (1 – β)σy, as equations
(4) and (5) present:
T = βσy , 0<β<1,
(4)
 = (1 − β)σy ,
M

lim(

t →∞

T
β
)=
.
M 1−β

(5)
(6)

Equation (6) has used the initial condition, T0 M0 = β 1 − β , and the assumption that telecommunications and in-person health services are not reversible (Mankiw 1987; Zou 1995).
Government establishes a national health insurance system to provide free accessibility to
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health care through conventional in-person system. Households pay proportional income
tax, τy, and health insurance premium, φ(1 − β)σy , in a national health insurance system to
the government. Government also provides telehealth programs to people who have geographic and other difficulties accessing face-to-face health services. Telecommunications have
considerable potential for improving health care provision for rural areas and under-served
populations. The public-sector balanced budget constraint is:
 + 1 − β εy = φ(1 − β)σy + τy.
(7)
g + T + M
β
Government finances its infrastructure expenditure, g, an increase in telehealth spen
ding, T , an increase in conventional in-person health care spending, M , and the expenditure on transportation costs through health insurance premium collection and revenue of
income tax. Without telecommunications health care provision, patients or practitioners
with weak confidence request air-transport transfers to medical centers for illness treatment inevitably in rural areas (Berman, Fenaughty 2005; Chen et al. 2001). The expenditure
devoted to helicopters and fixed winged aircraft is substantial and proportional to national
production, εy. With telehealth programs, such expenditure is able to be reduced or saved.
This expenditure decreases with the share of health expenditure devoted to telehealth and
increases with the share of health expenditure devoted to in-person medicine and is captured
by the fourth term on the left-hand side of equation (7). Rearranging government budget
constraint (7), together with the production function (3), generates:
1

1

g
1−β α α
(8)
= [φ(1 − β)σ + τ − σ −
ε] A .
k
β
When goods market is in equilibrium, the budget constraint of government and the disposable income of the representative household have been incorporated. Equation (9) gives
the capital accumulation function:
1−β
(9)
k= [1 − φ(1 − β)σ − τ + σ +
ε]y − C .
β
Given the initial private capital k0, the optimal conditions lead to the following relationships:
1 η
(10)
=
= λ,
C

H

λ
1−β
= δ − [1 − τ − φ(1 − β)σ + σ +
ε]Aαk α−1 g 1−α ,
λ
β

(11)

where λ is the costate variable which can be interpreted as the shadow value of the private
capital stock measured in utility terms. Differentiating equation (10) with respect to time and
substituting equation (8) into the resulting equation, equation (12) determines the growth
rate of consumption, which is also the improvement rate of health and the growth rate of
income, under our framework.
1
1−α
1−β
C
(12)
ε , 1> Ω > 0,
= γ = (1 − Ω)A α αΩ α − δ , Ω = φ(1 − β)σ + τ − σ −
C
β
lim λ(t )k(t ) =
0.

t →∞

(13)
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This growth rate depends on the gap between net marginal productivity of capital per capita
and time preference rate. The telecommunications health care indirectly affects the growth
rate via the ratio of telehealth expenditure share relative to in-person health care expenditure
share. Equation (13) is the transversality condition, which restricts k from growing too fast.
Maximizing equation (12) with respect to β and taking into account the best medical
resource allocations yields the following:
1

∂γ
= A α αΩ
∂β

1−α
>
1 − α −1
α [1 −
Ω (1 − Ω)](φσ − εβ −2 ) = 0.

α

(14)

<

Equation (14) indicates that an increase in the share of telehealth expenditure has an
ambiguous impact on the equilibrium growth rate. The key factors for this result are how
the telecomunications and the in-person health care sectors interact with the ratio of health
insurance premium relative to in-person health care expenditure, φ, in the medical resource
allocations and the elasticity of real output with respect to capital stock, a. A rise in the share
of telehealth expenditure, β, can affect economic performance through two channels. The
first is the medical resources crowding out effect whereby an increase in telehealth expenditure reduces health expenditure on in-person health care. This channel tends to deteriorate
agents’ health status, as equation (2) shows, and hence the productivities in an economy. The
second is the effects of health improvement whereby an increase in telehealth share tends
to improve agents’ health status. This channel has positive effects on private productivities
and leads to better economic performance. The net effect of a rise in telehealth expenditure
share on economic growth depends upon the relative strength of these two channels. Obviously, a rise in the share of telehealth expenditure favors (deters) the balanced growth rate if
it improves (deteriorates) agents’ heatlh status.
From equation (14), we can find a critical value of β, namely β*,which maximizes the
balanced growth rate:
ε
β* =( )1 2 .
(15)
φα
This implies that for attaining the maximization rate of economic growth, the optimal
fraction of health care spending, allocated to telehealth programs, is the fraction of health
care expenditure, devoted to the transportation costs, ε, to the product of the ratio of health
insurance premium, relative to in-person health care expenditure, φ, and the elasticity of
output with respect to capital stock, α. An economy that devotes more expenditure on
air-transport transfers for illness treatment or collects less health insurance premium from
private sector should have a bigger proportion of health care spending allocated to telehealth
programs, as high quality in-person health care is difficult to access and medical resources
are unequally distributed in rural areas. Furthermore, the smaller elasticity of real output
with respect to capital stock, or the less the capital contributes to the production, the bigger
the telehealth share in the economy should be in that the less the crowding out effects of
telehealth expenditure on in-person health expenditure, which accumulates the agents’ health
stock and hence stimulates productivities.
By using equation (15), equation (14) can be rewritten as follows:
1

∂γ
= A α αΩ
∂β

1−α
>
1 − α −1
α [1 −
Ω (1 − Ω)](φσ − εβ* −2 ) = 0

α

<

<

if β* = (
>

ε 12
) .
φα

(16)
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Equation (16) implies that the economy’s balanced growth rate is raised by increasing
the fraction of health care expenditure allocated to telehealth systems, if the actual fraction
of telehealth spending is smaller than the growth-maximizing fraction of telehealth spending. Applying the information technology into health care provision is related to improving
health stock and increasing national productivity. The positive relationship between health
services, the health of a nation, and its economic prosperity is well recognized (Pritchett,
Summers 2001; Olsen, Dahl 2007). When the economy introduces a telehealth system, the
positive impacts arise through improving health and hence raising productive capacity. Nevertheless, after the critical ratio, the growth effects become negative as the telehealth system
expands and in-person heath care system contracts. The net influence of telehealth resource
use on economic growth reveals a non-linear and concave function, describing the relationship between the size of the telehealth provision and economic growth in the economy. The
health dividend in terms of an enhanced economic growth rate can be achieved only when
the initial share of telehealth expenditure is smaller than the growth-maximizing share.
We further analyze the influences of medical resource reallocation between telehealth
and in-person health care expenditure on social welfare. This research regards social welfare as the overall welfare of society and is specified as the summation of the utils of all the
individuals’ utility function in the society (Chipman, Moore 1978). Given initial private
capital stock k0, both private consumption and health stock grow at a constant rate γ* along
the balanced growth path:
(17)
=
Ct C0 exp( γ *t ),
=
Ht H 0 exp( γ *t ).

(18)

For a given value of β, equations (17) and (18) have calculated the initial values of consumption and health stock from equations (2) and (9):
g
(19)
=
C0 k0[(1 − Ω)A( )1−α − γ ],
k
g
H 0 = σAk0 ( )1−α .
k

(20)

Substituting equations (17) and (18) into equation (1) yields the household’s welfare
function of β over an infinite planning horizon:
=
MaxW (β) Max

t =∞

∫ [ln C0 + η ln H0 + (1 + η)γ *t ]exp(−δt )dt .

(21)

t =0

Substituting the initial values of C0 and H0 in equations (19) and (20) into equation (21)
and differentiating the resulting equation with respect to β yields:
∂W ω ∂γ * > ,
=0
=
∂β δ ∂β <

(22)

in which ω = ω1α−2k0 A ( g k )−α (1 − α)[(1 − Ω)ω2 C0 + ησ H 0 ] − (k0 C0 ) + (1 + η δ),
ω1 = [−1 + (1 − α)Ω −1(1 − Ω) / α]−1 and ω2 = [1 − Aα ( g k )(α 1 − α)(1 1 − Ω)Ωα 1−α ] are positive. Equation (22) reveals that an increase in telehealth share affects social welfare via the
channel of economic growth effects and the inverse U shape relationship between telehealth
expenditure share and social welfare status exists as the nonlinear nexus between telehealth

Technological and Economic Development of Economy, 2012, 18(4): 711–721

717

expenditure share and economic growth presents. The relative size of telehealth expenditure
that maximizes welfare equals the value that maximizes the growth rate (i.e., ∂γ / ∂β = 0 applies). A bigger telehealth share is associated with better welfare status. However, after a critical
telehealth share, the negative impacts on the population’s health, the economy’s growth and
social welfare are expected. Figure 1 illustrates how telehealth use is theorized to influence
the economic growth rate and social welfare.
During developing episodes, underdeveloped telecommunications infrastructure requires
investing and capitalizing in online health care equipment and leads to an increases in the
share of telehealth expenditure of medical spending. After the technical medical environment has profoundly transformed, only regular maintenance expenditure occurs and helps
to reduce the telehealth expenditure share in a growing economy. Ultimately, for economic
sustainable development, telehealth initiatives strengthen rather than compete with conventional in-person health care.
3. Numerical simulations
By applying the theoretical findings, this study further provides numerical simulations to
present empirical plots of telehealth use versus economic growth and welfare status. Parameter
values represent Taiwan experiences over the period of 1995–2004. All telehealth programs
were grant-funded and either did not or could not sustain themselves commercially over the
period. Health care provided via telecommunications has become of services for enhancing
the handicapped or the terminally ill individuals’ perceptions of their relationship to salient
features of the environment in the private sector in Taiwan since 2004 because the cost-benefit
analysis conducted by the government sector casts doubt on the efficiency of the telehealth
system and guides medical resource allocation. Such provision is still in multidimensional
concepts and qualitative pilot experiments. The productivity parameter, A is chosen at 2.55
in consistence with the average real per capita economic growth rate of 4.5% from 1995 to
2004 in Taiwan from the reports of Council for Economic Planning and Development in
2004. Time preference rate of 0.02 is adapted from Jones and Manuelli (1995). The impact
of health on utility is set at 0.48, which is inspired by Finkelstein et al. (2010). The average
rate of national health insurance premium in the private sector for in-person health care, φ ,
in Taiwan in 2004 is 5 per cent. Average income tax rate is 15 per cent. The share of health
expenditure to output, σ, is 10.1 per cent. The shares of telehealth and in-person health care
expenditure of medical spending are 0.00006 and 0.99994, respectively.
Based on the benchmark parameter values, equations (12), (15), and (19)–(21), and given
the initial capital stock at 100, the equilibrium economic growth rate, the optimal growth
maximization telehealth expenditure share, the initial values of consumption and health
stock, the ratio of government expenditure relative to capital stock, and welfare in order are
calibrated as: g* = 4.5%, β* = 0.022, C0 = 15.10, H0= 2.24, g/k = 0.03, and W = 57.87.
Numerical simulations provide quantitative estimates of the impacts of medical resource
allocations on the reported economic growth and welfare. The optimal telehealth expenditure share for maximizing economic growth and social welfare is 0.022 instead of 0.00006
that is actually allocated. According to Figure 1, economic growth and welfare will reach the
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maximization at 8.8 per cent and 114.12 when the telehealth expenditure share is allocated
at the optimum instead of actual economic growth and welfare at 4.5 per cent and 57.87.
Comparing to actual economic perspectives as well as welfare status, medical resource reallocation doubles the economic growth rate and social welfare. Taiwan’s actual telehealth
services are underprovided.
Economic growth
(Social Welfare)
8.8% (114.12)
4.5% (57.87)

0

β = 0.00006 β* = 0.022

telehealth expenditure share

Fig. 1. The relationship between telehealth expenditure share
and economic growth as well as welfare

4. Discussions and policy implications
In the light of the principal recommendations from preceding analysis, this section briefly
reviews the influences of government interventions on medical resource allocation on the
economy and the design of health care delivery programs in countries with geographic barrier and other difficulties for the population to access health services.
Over the coming 50 years, not only developing countries but also many industrialized
countries will face sharp rises in the health expenditure and similar long-term health care
challenges. Providing health services to promote better life for chronically ill patients is a
recent phenomenon in most of these countries. Telehealth systems reduce access barriers by
allowing patients and health care providers to meet remotely through the use of information
technology. The provision of telecommunications health care transfers electronic medical
data or consultation from one to another remote site simultaneously. Primary health care
providers, medical centers, and community hospitals offer interactive communication among
different specialties for illness treatment and improve the quality of health care in rural areas.
In addition, health services via telecommunications system have been extended to provide
palliative home care for terminal illness or telecare for the elderly and the disabled. A growing alignment of telehealth around the delivery of primary care and preventive health care
services to people in their own homes is expected in the future.
Given health care spending, we should ask if health services through online technologies
are having the desired impact on a nation’s economic perspectives and welfare improvement.
Theoretical analysis and numerical simulations suggest that with actual telehealth share, rais-
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ing medical resources allocated to telehealth programs effectively leads to the attainment of
better economic performance and welfare position, which should be only accompanied with
better health for the population (Pritchett, Summers 2001; Olsen, Dahl 2007). The provision of
telehealth services interacts positively with socioeconomic perspectives before the critical or
optimal ratios, which are actually unmet economic growth and social welfare goals. Research
investigations guide the policy of allocating medical resources. Beyond financial evaluations,
these findings are possibly much more important sources of economic development and
welfare improvement and derived from policies aimed at promoting telehealth programs.
Though in-person health services and hospitals are important for the delivery of health care
and are likely to remain so in the future, telehealth offers ways of providing locally accessible
services and new approaches to maintain a healthy lifestyle.
Telecommunications health services possibly possess externalities as conventional health
services do, documented by Culyer and Simpson (1980). Market exchange yields less than
socially optimal levels of such services. Existing studies focused on analyzing the cost and
benefits of government interventions on the concept of public goods and externalities. This
research provides a more paternalistic guidance of medical resource allocations.
Although our findings are specific to locations where geographical limitation may impede
access to public sector health services for the rural residents, similar concerns for managing a
telehealth care system are equally relevant for other countries to improve access to health care
for people living far away from medical centers with and without a health insurance system.
Potential replicability of relevant implication is applicable for other countries, which have
or will have telehealth systems, for effectively allocating medical resources with sustainable
economic development and improving population’s well-being.
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