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ABSTRACT 

Use oftelemedicine as a method of health care delivery, particularly interactive 
video, has seen a surge in popularity in recent years. However, no standard method has 
been developed to determine the net benefit to society of these applications. Any such 
method should recognize that the implementation oftelemedicine may affect both access 
to health care and its quality, as we.ll as the tradeoff between them. This thesis explores 
the issues surrounding evaluation oftelemedicine from an economic benefit-cost analysis 
standpoint and discusses alternative methods ofbenefit estimation. Available data are 
employed to estimate averted cost measures for consumers and isolate determinants of 
telemedicine use rates for mental heaith consultations. In addition, data needs for 
alternative methods of benefit estimation are identified. · 
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Chapter 1 
INTRODUCTION 

Over the last decade, changes in health care policy, demographics and technology 

have presented opportunities for new types of medical care delivery. As a result, rural 

areas in particular have begun to employ cutting-edge medical delivery methods. 

Telemedicine is one example of a technology application that has begun to change the 

way health care facilities do business. This research proposes a method for evaluating 

telemedicine systems using economic methods to estimate the net benefits of these 

technologies and better understand how telemedicine implementation affects the 

dynamics of rural health care. 

Telemedicine is defined here as the use. of electronic information and 

communications technologies to provide and support health care when distance 

separates the participants. With every new health car~ innovation comes the challenge 

of determining whether the additional benefits outweigh the costs, and whether public 

support in the fonn of direct funding, Medicare reimbursement, and subsidy for the 

developing technology is justifiable. The issue is multi-dimensional with main 

considerations including how the proposed technology will affect health care quality, 

access and cost, and the tradeoffs among them. In order to begin making this 

determination, relevant costs and benefits must be correctly identified and measured. 

Applying economic methods to the valuation oftelemedicine systems is an important 

step in understanding the effects of its implementation on commtmities, health care 
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facilities and consumers. 

The evaluation of telemedicine contains a host of challenges, a fact alluded to by 

the many possible interpretations ofthe term "evaluation". Evaluation could mean 

comparing the health outcomes of patients who use different types of telemedicine 

technologies and face-to-face visits. Alternatively, it might include investigation into 

whether increased access to care (as signaled by decreased travel cost) as a result of 

telemedicine implementation ultimately results in lower Medicare costs due to earlier 

treatment or increased taxpayer burden as a result of higher incidence of reimbursement. 

Other issues to consider in the realm of evaluation may be physician and patient 

acceptance rates, or the effects oftelemedicine implementation on the viability of health 

care facilities and communities. An analysis of rural health care related issues can 

become complicated quickly. The far-reaching presence of government programs like 

Medicare, limited access to health care as a result of geographic isolation, the multiple 

variables affecting health care outcomes and the difficu~ty in measuring these outcomes 

add more dimensions to the picture. It soon becomes clear that simplification may be 

useful and necessary in order to isolate the impact of technology and consumer 

acceptance, and to better understand the issues tmderlying telemedicine. 

A further challenge in telemedicine evaluation is well articulated by this quote: 

"Telemedicine is difficult to track because no one in the industry has the whole 
picture, and no agency is monitoring its growth. There is no medical board 
requirement, no special license needed, no FCC approval, no institutional or 
individual credentialing at the state level (cross -state licensure, liability laws and 
the development of industry standards may one day change this) ...... " (ATSP, 
1997). 
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The lack of available context in both clinical use and research add to the 

complexity of quantifying the effects oftelemedicine implementation. The method of 

telemedicine evaluation proposed here includes quantifying the effects oftelemedicine 

with the use of economic benefit-cost analysis. It is important to remember that 

telemedicine is not so much a product in itself as it is a method for delivering the product 

of health care. One element of the benefit estimation includes modeling the choice a 

health care consumer makes within a rural health care system, and how this decision is 

affected by telemedicine. Another element includes the overall contribution that 

telemedicine makes to the viability of rural health care services in a given community. 

Evaluation efforts require a well thought out analytical framework which identifies 

methods of quantifying benefits and costs and specific data, thus minimizing respondent 

burden and adding to the meaningfulness of research findings. 

This introductory chapter provides an overview of the nationwide health care 

issues which have brought telemedicine to the forefront, as well as an examination of the 

significance of cost-benefit analysis for technological health care advancements. Chapter 

II provides a historical perspective of the use and range oftelemedicine and identifies 

government involvement on both state and national levels. Also included is a literature 

review focusing on telemedicine evaluation efforts. Chapter ill presents a review of 

relevant economic literature including the underlying economic foundations of benefit

cost analysis and other relevant issues for this examination of health care delivery. 

Considerations of the Travel Cost Model and available data are detailed in chapter IV, 

along with estimation results. Chapter V summarizes the findings, highlighting both the 
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key issues involved iri quantifying the net benefit of these programs and the status gf data 

collection efforts as well as recommending further areas of related research. 

Changes in Rural America 

A number of factors have contributed to recently observed changes in rural health 

care. Some changes which evidence shifts in circumstance are a reduction in the number 

of rural hospitals, as well as emergence of new organizational structures. 

One ofthe observable characteristics of the previously mentioned changes is the 

increase of rural hospital closure. According to the American Hospital Association, 

between 1980 and 1988, 200 rural hospitals closed their doors, the highest level of 

closure since record-keeping began (American Hospital Association, 1989). While a 

number of these may have reopened or merged with other rural facilities, the heightened 

level of closures signals underlying factors atwork. The health care literature commonly 

cites several influences as key to this situation, inclilding·the restructuring of Medicare 

reimbursement, difficulty in physician retention, and changes in rural demographics 

(Gaumer et al, 1992). 

Aside from a brief period characterized by migration to non-metropolitan areas in 

the 1970s, many rural areas have continued to decrease in population. One result ofthe 

demographic shifts observed is a disproportionate number of elderly people in rural areas 

(Wright et al, 1995). An additional issue often encountered by small and isolated 

community hospitals is physician recruitment and retention. The difficulty in attracting 

and keeping physicians to low volume facilities compmmds the challenge of keeping a 
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small hospital open. 

Another significant factor usually noted as a key change for rural health care is 

Medicare policy change. Before 1983 (Waid, 1997), Medicare payments were made on a 

system that made payment to vendors on a basis of "reasonable cost". In an effort to 

stem skyrocketing federal budgetary outlays, the Prospective Payment System (PPS) was 

introduced. Under PPS, a Medicare patient is categorized accordiJ:lg to diagnosis and a 

corresponding lump sum amount is paid for care, as opposed to the payment system 

based on the government assuming responsibility for a fraction ofthe hospital's cost of 

care which it replaced. While Medicare policy has been significantly shifted to aid rural 

health care facilities, smaller facilities commonly fail to cover costs on Medicare patients 

(Komisar 1991, ProPAC 1994). The Medicare program covers 95% ofthe nation's 

elderly (Waid, 1997). As stated previously, rural hospitals serve a proportionately greater 

elderly and low-income population than their urban counterparts and were therefore 

dramatically affected by the change in payment scheme. . 

Health Care Innovation 

The exit of firms from the hospital market for whatever reason has left rural 

citizens with a very different health care scene than in years past. Faced with these 

realities, new delivery methods have been developed. An example of the innovation 

which has come about as a result of this rapidly changing rural health care environment is 

the appearance of new types of rural hospitals, focusing on cooperative agreements 

between facilities afl'd exhibiting a limited service philosophy. 
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Organizational Change 

As a result of combining two separate programs, the Critical Access Hospital 

(CAH) program came into existence as part ofthe 1997 Federal Balanced Budget Act. 

One of the predecessors to the CAH was the Medical Assistance Faciltity (MAF), an 

effort by small Montana hospitals to focus on maintaining limited-service facilities by 

requesting cost-based reimbursement and increased responsibility of mid-level providers. 

Length of stay is restricted as a mechanism for focusing the services of the hospital 

toward emergency and acute care. The other program from which the CAH idea was 

adapted was the federally developed EACHIRPCH (Essential Access Community 

Hospital/Rural Primary Care Hospital) modeL The primary goal of the EACHIRPCH 

program was to foster formal alliances between hospitals while offering critical and 

primary care to its patients. Elements of each model were combined for CAH 

implementation, including cost-based reimbursement for small, rurally located facilities 

limiting patient stay to less than four clays. 

Technology 

Similarly, smaller more isolated communities seem to have the potentia'l to 

benefit dramatically from the most recent generation oftelemedicine tools. While urban 

consumers certainly could benefit from the characteristics which make telemeclicine 

attractive to rural settings , sttch as savings in travel or wait time and offering a wider 

range of services than previously availahle, most telemeclicine activity is presently 

observed at the rural level. It should be mentioned, however that most federal funding for 
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telemedicine has also been focused at the rural level. 

Another method of cooperative behavior observed is the rise in the number of 

telemedicine networks nationwide. The trend suggests a perception that by joining forces 

with a larger hospital, a rural facility can increase its chances of survival. The 

opportunity for the rural hospital exists in expansion of its scope of services, and possibly 

increased cost-effectiveness in providing existing services, while the central hospital 

widens its referral base. Decreasing costs and higher quality in technology equipment 

have made all types of telemedicine systems more commonplace than at any time 

previous. The increase in technological networking has opened some doors, but at this 

point it is difficult to know where those doors might lead. 

Rationale and Significance 

Federal and state governments alike have already invested millions of support 

dollars meant to solve the headaches of struggling rural hospitals, and eventually bring an 

end to the high rate of health care inflation that has largely characterized the American 

"health care crisis". Telemedicine has been presented as one possibility for dealing with 

the challenges presented in modem day health care. Much ofthe telemedicine specific 

support has been in the form of equipment and infrastructure, as well as for incentives for 

consumers and providers to expand the use of telecommunications in medical care. Since 

disbursement of these funds is already underway, it only makes sense to develop a 

method to help determine both where and whether an additional dollar of funding for 

telemedicine development would be of the greatest benefit to society. 
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One would expect that.as teleinedicine proves itself to be an effective method of 

health care delivery, profit-oriented firms such as HMO's (health maintenance 

organizations) will step on to the field, both indicating to the market that applications of 

telemedicine are an efficient use of technology in medical care, and minimizing the need 

for the type of research proposed here. At present, few profit-oriented health maintenance 

organizations have implemented their own full motion video networks. This lac~ of 

enthusiasm may signal the skepticism of the profit-oriented firms that telemedicine is 

worth the investment, but may also stem from a number of related issues. Since the 

common use oftelemedicine is still in its infancy there are multiple unresolved questions 

regarding licensure, malpractice coverage, and patient confidentiality .. It is worth 

mentioning, however that the goals of a small, frontier hospital may not be echoed in 

those of a more profit-centered, commonly urban based HMO structure. In a survey of 

small Montana hospitals, almost all had some sort of outside funding through either 

through a tax levy or specially directed community foundation (Capalbo, 1997). The 

upshot is that the value of a health care facility in a rural community with no good 

substitutes may be relatively greater than the presence of an additional such facility when 

others are readily accessible. Iftelemedicine can prove itself as a useful method for 

improving the likelihood of survival for rural hospitals, then in the interest of rural 

development it may be a technology worth investing in even if it would not be adopted by 

an individual profit-oriented firm. That is, the social benefits, measured as the sum of the 

private and public benefits, may outweigh the costs. On one hand, the application of 

telemedicine technologies has been attempted before, with less than satisfactory results. 
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Alternatively, it may be the ideal method of providing many types of health care more 

efficiently than has been previously available. Since telemedicine technologies have 

come into use so recently, many questions remarn unanswered. 

The main objective of this thesis is to identify key issues for benefit estimation of 

telemedicine systems and to recommend a method for gathering and analyzing data. 

While recommendations have been made for evaluation techniques and consideration 

(CECAT, 1996), no standard economic technique has emerged as a way to measure net 

benefits oftelemedicine technologies. As a secondary objective this paper will 

specifically focus on one component of net benefits based on the travel cost model, the 

evaluation of determinants of usage rates in telemedicine, using limited data available for 

a currently operating telemedicine network. 

Consider the chapter heading in a recent GAO report to Congress: "Telemedicine 

Benefits Are Promising but Largely Unquantified" (GAO, 1997). The primary objective 

of this research is to identify a method for estimating benefits associated with 

telemedicine, with particular attention given to rural health care and the use of 

telemedicine in rural settings. The cost issues associated with telemedicine are also a 

concern, with one unanswered question being how telemedicine affects the marginal cost 

of rural health care provision. On another level is the behavior of rural health care firms 

as they face "relatively high fixed costs for telemedicine equipment, and the reaction of 

firms to constantly changing standards (and falling prices) for telecommunications 

.. 1~ 
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technologies over time. While potentially interesting economic issues, they lie beyond the 

benefits-oriented focus ofthis paper and will not be discussed· at length. 

Telemedicine needs to be examined as part of the larger picture of health care 

delivery, rather than on its own. In order to avoid repeating the same mis!akes made 

twenty years ago during the initial rounds oftelemedicine adoption, it is crucial to that we 

develop a clearer understanding of its effects on communities, hospitals, and consumers. 

Whether telemedicine ultimately makes good economic sense for rural communities may 

be influenced by the degree of"cost sharing" ofhealth care applications with other 

telecommunications services. While such an analysis is regrettably beyond the scope of 

this research, the evaluation oftelemedicine services as part of a joint product with other 

Telecommunications Services is useful to Rural Development Policy. 
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Chapter 2 
TELEMEDICINE LITERATURE REVIEW: 

DEVELOPMENT, LEGISLATION AND EVALUATION 

The material in this chapter is divided into two sections. The first provides a 

history of telemedicine, explanation of its uses, government involvement, and cas.e 

studies. The second section is a review of the health care literature focusing on methods 

of telemedicine evaluation. 

History of Telemedicine 

Though the history of telemedicine is relatively brief, elements of its past 

development are important in understanding current events. Also, since the term 

'telemedicine' blankets an entire range of uses for telecommunications technology in 

health care, a listing and description of its many levels is included. Another important 

characteristic necessary for understanding telemedicine is. a clear view regarding the 

extent of federal and state government involvement that has largely shaped the face of 

these programs since their inception. In addition, there are program descriptions of 

telemedicine networks of special interest. 

Historical Overview 

Previous searches of the medical literature have found the earliest reports of 

medical telecommunications in the 1950's (Parsons, 1992) when the first successful trial 

ofteleradiology was completed. In 1959, the University ofNebraska at Omaha used two-

way closed-circuit television to transmit case studies and medical histories to medical . . 
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students via microwave signal. This introductory endeavor was followed by an extension 

project to test effectiveness and acceptability oftelevideo interaction for use in 

psychiatric treatment methods. Additional uses, including linkage of the university's 

psychiatry department with the Nebraska State Mental Hospital (in Norfolk, NE) 112 

miles away, were continued until1970. 

Another early approach to distance medicine was developed in the STARPAHC 

program, or Space Technology Applied to Rural Papago Advanced Health Care. 

STARPAHC was designed to improve health care availability to Native Americans on 

the reservation. Using technology originally developed to provide medical service for 

astronauts, paramedics used two-way microwave communication which offered 

radiographic and electrocardiographic capability housed in a van/clinic which offered the 

opportunity for clinicians to travel to patients. STARPAHC also started in the late 1950's 

and was sponsored by Lockheed Corp. in cooperation with NASA and the Public Health 

Service for more than twenty years. When funding could not be obtained, the project 

ended in the late 1970's. (Crump and Pfeil, 1995). 

It is worth noting that there are many other examples demonstrating this same 

pattern of initial success followed by an abrupt ending after outside funding ceased. One 

of the main stumbling blocks commonly cited was high transmission cost. In the early 

years of development, connection between distant sites often depended on satellite 

connection which cost hundreds of dollars per hour, or a less expensive but still 

prohibitive option, microwave technology. In addition, it seems the experiments of the 

·day were often technology-driven as opposed to shifting the focus of implementation to 
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the level which would best serve health care needs in a community. 

For whateverreason, a scan of the literature reveals a period of several years with 

very few citations for telemedicine, suggesting little activity in the decade from the late 

seventies to the late eighties. According to a special report published in the Journal of the 

American Medical Association, with the exception of a single telemedicine program at 

Memorial University ofNewfoundland, St. John's, none of the programs started prior to 

1986 was known to be still in operation as of 1995 (Perednia and Allen, 1995). 

A number of factors contributed to the revival of development and 

implementation oftelemedicine programs that began in the late 1980's. Technological 

advancements have been made that enable interactive video transmission over certain 

types of telephone cable, significantly cutting transmission cost when compared to 

previous methods of satellite and microwave transmission. Additionally, previously 

mentioned structural changes in the U.S. health care structure were prompting 

experimentation with new delivery techniques. Nationwide, the growing presence of 

managed care and regional physician-hospital alliances has brought health care to a new 

level of competition, measured by consumers on the on the basis of cost, quality and 

access. When combined with mandated access·to care and increased provider risk with 

regard to patient outcomes, one way to deal with this changing health care environment 

was the reintroduction oftelemedicine (Perednia and Allen, 1995). One indication that 

telemedicine programs were becoming more common is the increase in journal articles 

and popular·press written on the subject and the development of trade journals devoted to 

the technology. According to a bibliography published in Telemedicine Journal, an online 



14 

search for articles containing the key word "telemedicine" in 1994 turned up 152 

references. One year later, the same search yielded more than 400 references (Johnson et 

al, 1995). After the virtual absence oftelemedicine articles in the previously mentioned 

decade that ended in the late 1980's, the writing revival is evidence that a resurgence in 

telemedicine activity had taken place by the mid-nineties. 

Levels ofTelemedicine Technology 

In general, the term telemedicine refers to the use of telecommunications 

technology to enable or assist medical care when its participants are separated by 

distance. The span of this defmition includes several different methods of delivery, 

explained here on a scale from lowest to highest level of technological advancement. 

POTS. While often not envisioned as a cutting-edge medical technology, 

telephone communication to enhance health care is recognized as the original form of 

telemedicine. POTS (Plain Old Telephone Service) has the advantages of requiring no·. 

specialized equipment, as well as being inexpensive and easy to use. Commonly used 

between' clinicians in an informal network for assistance with diagnosis and refenal, there 

are also more formal programs in place. An example is the University of Washington 

MEDCOM service, where specialists are made available to physicians for telephone 

consultation. Initiated as an outreach program forUniversity of Washington Medical 

School, the toll-free service is available to any physician in the Pacific Northwest. 

Additionally, some types ofjmtient monitoring can be performed using POTS, 

such as in remote stethoscopy. In the case of stethoscopy, when used with some 
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specialized equipment, POTS can be used to listen to heart sounds from a distance, 

making frequent check-ups for cardiac patients less inconvenient. Obvious limitations of 

the application include its audio-only capability and time bound nature, meaning all 

parties must be in simultaneous contact. 

Fax. Slightly higher on the technology ladder is the use of fax transmission. As 

with POTS, one advantage is that infrastructure development is generally unnecessary. 

Similarly, it is easy to use and relatively inexpensive. Common uses for fax include 

transfer ofEKG and Fetal Heart Monitor strips. Another application is known as "fax on 

demand". Fax on demand service enables a user to obtain archived information by 

calling the fax-on-demand computer and selecting from a menu of available services, 

with delivery of the requested information to the requester's own fax machine. An 

example of this application is illustrated by its use at the Montana Area Health Education 

Center, where items on the request menu have included commonly sought information 

such as immunization schedules, along with tips regarding the prevention and treatment 

of flood-related diseases. 

Computer. Increasing availability of personal computers and modems is opening 

doors for many health care professionals. Currently, one of the most common tasks made 

easier with computers are search engines that scan a database of journal articles for 

assistance with research and diagnosis. Two examples of this type of service are Grateful 

Med 'Mai Pub Med, both online tools available for no charge 

(http://www.nlm.aih.gov/databases/fi-eemedl.html). Users cite the wide base of 
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information accessible and constant updating as advantages of the on-line services when 

compared with traditional literature search or use of textbooks, since-previously 

inaccessible foreign language journal articles are translated, and databases are kept 

current. Additional uses of personal computers and Internet applications include e-mail 

communication and virtual bulletin boards. In the realm oflnternet medicine, as with 

many other disciplines, there is no lack of information, but a growing importance placed 

on organization and accessibility. 

Computers and modems are becoming increasingly common and inexpensive, 

with POTS infrastructure in place for modem use. The most readily available models can 

handle text and still images very well, with audio capability less common but emerging. 

Video images transported via modem are possible with high speed modems, specially 

designed cameras, and necessary software . Desktop video capability promises to be a 

phenomenon of the not too distant future. However, with computing standards changing 

so quickly, equipment is virtually outdated upon purchase y.rhich discourages many 

potential users from making the financial commitment. User training is often necessary, 

but once users are trained systems are relatively easy to operate. 

Teleradiology/Telepathology. Teleradiology and telepathology are task specific 

computer applications. Teleradiology generally refers to the electronic transport and/or 

storage ofx-rays images, while telepathology is the use of similar technology specific for 

the analysis of human tissue biopsy. Teleradiology is currently the most commonly used 

type oftelemedicine. In a recent survey oftelemedicine program directors, 64% of 
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respondents named radiology as a one of the clinical applieations in their telemedicine 

program (Dakins, 1998). Advantages of these applications include the opportunity to 

source out speCialized tasks, as well as faster turnaround time on radiologic and 

pathology consultations. One disadvantage can be the expense, since purchase of all 

components for systems that have the capability to capture, store and transfer digital 

images are priced higher than their traditional film-based counterparts. Additionally, 

other issues may stand in the way of complete digitization of x-ray records. Legal matters 

that have arisen from this form of distance medicine include with licensure and 

malpractice. Since medical professionals are certified on state-by state basis, there is no 

clear-cut method for those who practice primarily in one state, but act as a consultant for 

a patient in another. In response, some radiologists have begun to obtain licensures in the 

multiple states in which they wish to practice (Sanders, 1988). Another issue under 

consideration involves defining acceptable tradeoff's between digital compression of 

images (which decreases transmission time over standard telephone lines) and diagnostic 

accuracy. 

Video. Interactive. '.'_i~eo is a medium commonly associated with telemedicine. It 

provides the opportunity for real time audio and motion interaction between remote 

participants. In 1997, the Association ofTelemedicine Service Providers annual survey 

identified 97 active telemedicine programs in the United States. Examples of this type of 

application most commonly include links to between rural areas and more urban sites. 

One example of this type of program is the Eastern Montana Telemedicine Network. 
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(EMTN), centered in Billings, Montana. The EMTN connects seven eastern Montana 

communities and sites in Billings, the largest city in Montana, for a number of different 

types of consultations including administrative, educational and judicial meetings as well 

as medical consultations and psychiatric appointments. The lack of universally available 

infrastructure (high bandwidth capab.ility telephone cable) and high cost of both 

equipment and line charges when compared to previously mentioned technologies are 

two reasons interactive video has not been adopted by on a widespread basis. 

Telepresence and Beyond. Largely in the experimental stage, telepresence refers 

to advanced uses oftelemedicine including robotics and surgery from a distance. 

Examples include surgery performed by individuals not in personal contact with the 

patient. One way this type of surgery could perceivably be performed is with the use of 

'virtual reality' components which would allow the surgeon to operate controls from a 

distance while examining the patient and performing surgery using three-dimensional 

viewing gear. Both government and private entities have invested in research to develop 

such technology. 

There are a number of different types oftelemedicine applications ranging widely 

in many respects. The level of specialized equipment, range of use, amotmt of employee 

training necessary and objectives of the individual health care facility are all factors that 

enter into the decision of whether and what type of telemedicine to adopt. It stands to 

reason that differing levels oftelemedicine technologies may be appropriate for diffefent 

health care situations or communities. Analysis of this decision by health care providers 
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and how it affects both health care systems and consumers is a vital part of understanding 

the implications of telemedicine implementation. 

Governmental Support Mechanisms 

Some of the first telemedicine applications were developed by NASA to monitor 

the health of astronauts. Since then, the federal government has played a large part in 

research and funding for telemedicine projects. Mechanisms for funding have included 

grants for equipment and research, adjustment of Medicare reimbursement policy, and 

subsidized long distance rates. 

Universal Service 

The Telecommunications Act of 1996 established a Federal Universal Service 

Fund designed to provide telecommunications discounts and subsidies for schools, 

libraries and rural health care providers. Under the act, some rural health care facilities 

and physicians are eligible to receive reduced rates for telemedicine transmission and 

Internet access. 

Initially, four hundred million dollars annually was earmarked for rural health 

purposes; along with $2.25 billion annually for schools and libraries. The funding to 

support the program will come primarily from consumers of long-distance service, 

through the Universal Service Fund. As directed by the FCC (Federal Communications 

Commission), all carriers providing interstate telecommunications services are required 

to make contributions to the fund, with the general understanding that the carrier will in 
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turn bill the customer. 

In essence, the law encourages development and use of two main types of 

telemedicine services, televideo and physician usage of resources available via the World 

Wide Web. The mechanism for the subsidies is the following: by providing subsidization 

for long distance rates, the act promises to substantially lower the cost of providing video 

interface for rural health care facilities. With the present technology, a high bandwidth 

telephone line is placed between the rural center (or spoke site) and its hub. A commonly 

used cable used with currently available interactive video technologies is "T -1" line, the 

equivalent of24 individual fiber-optic telephone lines. In order to have access to the hub 

at all times, the phone line is reserved for the use of the facility at a cost equivalent to 

multiple round-the-clock long distance telephone calls. These line charges are usually 

the largest portion of operating expense for a telemedicine system (Armstrong, personal 

communication, 1997) and a subsidy to counter that expense would provide an incentive 

for rural hospitals to move toward more rural telemedieine activity. 

The subsidy is designed to equalize the cost of telemedicine image transmission 

from rural to urban sites when compared with cost of similar transmission between sites 

that are both located in an urban area. The Universal Service Order issued by the FCC on 

May 8, 1997 requires that " ... public and non-profit rural health care providers receive 

telecommunications services needed for provision ofhealth care services at rates 

comparable to those paid for similar services in urban areas," and articulates the principle 

that health care providers should have access to advanced telecommunications services 

(FCC, 1997). In addition, a provision is made for any health care provider who does not 
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have toll-free access to an Internet service provider to be reimbursed at a rate of either 

$180/month or for thirty hours of access, which ever is lower. 

The subsidized rate was scheduled to go into effect as of January 1, 1998, .though 

complications have developed, delaying implementation. Funding will be distributed on a 

first-come, first-served basis, with all applications received within a specified 75-day 

window considered to be submitted simultaneously on the first day. As of mid-June, no 

funds had been distributed, with the possibility that all funding may be delayed to 1999 

(ATSP, 1998). 

Medicare/Reimbursement 

Teleradiology consults have been reimbursed by Medicare nearly since its 

development. Since the nature of traditional radiological consultation was not 

significantly altered by the introduction ofteleradiology, reimbursement wasn't a 

contentious issue. With the addition oftelemedicine, a radiologist still reads the x-ray or 

Iv1RI at a location separate from the patient, as was often the case before. The only 

difference may be that the medium of the x-ray is digital, rather than film-based, and that 

the time between the Iv1RI and the radiologist's read is potentially much shorter, 

especially in remote areas. 

However, interactive video consultations are not reimbursed by Medicare, since 

present policy requires a "face-to-face encounter between patient and provider". This lack 

of physician reimbursement under the federal insurance plan provides a significant 

disincentive for practitioners to become involved in video consultation. The addition of 
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Medicare gu2tranteed reimbursement would change the health care picture significanHy 

Since in the United States a large portion of health care costs are fmanced by a 

government-sponsored entity. In addition to the direct impact of Medicare 

reimbursement, there is also the probability of a significant indirect effect caused by the 

tendency of both Medicaid and private insurers to follow the lead of Medicare (personal 

communication, Flaherty 6/8/98). As part of the Balanced Budget Act of 1997, the path 

was cleared for Medicare payment for medical teleconsults in some rural areas as of 

January 1, 1999. Payment will be available for beneficiaries in a county designated as a 

'Health Professional Shortage Area'. According to early estimates by the Congressional 

Budget Office, reimbursement for these consults is expected to cost Medicare $200 

million during the first five years, offset by savings of $50 million, primarily in reduced 

payments for transfers to urban centers (Health Data Network News, 1997). The increase 

.. 
in Medicare costs would likely be a result of higher incidence of reimbursement, in 

response to a decrease in the pi-ice of seeking care. Fbr ·example, now instead of traveling 

to another community to meet with a specialist, that consultation may be accessible from 

the local facility. The offsetting savings above are reported tmder the assumption that 

with telemedicine, more patients would be treated at the local facility, reducing the 

number of Medicare-paid ambulance transports to other hospitals. 

In order to help estimate the response of consumers to the expanded coverage 

and develop a feasible reimbursement system, a pilot project is being conducted by the 

Health Care Financing Administration. In the three year demonstration program, 

Medicare will pay for primary care teleconsults at 57 Medicare-certiffedfacilities in five 
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states. No preliminary results are available at the time of this writing. 

Grants 

A primary method of federal assistance for telemedicine programs ha.s influded 

funding for the purchase of equipment and support. Focused mainly on rural 

telemedicine development, a number of individual agencies have sponsored grants, 

including the Rural Utilities Service, Office of Rural Health Policy, and others. At least 

13 different federal agencies have sponsored telemedicine grants, which in fiscal 1994 

amounted to $85 million. As mentioned earlier, the price of hardware for televideo 

capability can be prohibitively costly for most health care facilities, especially smaller 

ones. Support of a telemedicine program may include a number of administrative and 

technical services such as user education, scheduling, trouble-shooting, billlng, and care 

of equipment, to name a few. 

Most grants have been made availabie to purchase and support equipment for an 

initial period, with hopes that the network will become self-sustaining in time. Office of 

Rural Health Policy has sponsored numerous 3-year grants for development and 

expansion of rural telemedicine development. Due to the fairly recent nature ofthese 

types of programs, there is limited information available regarding the present state of 

formerly federally funded telemedicine programs that have since become the 

responsibility of another entity. The proportion of such networks that come .:under state 

control as opposed to those that continue to operate by virtue of private industry or even 

dissolve completely without federal support, has not been fully documented. 
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Research and Development 

While less direct than support for telemedicine networks and subsidizatio11 of line 

charges, another contribution toward telemedicine advancement has been made by 

government support of research and development. Some of the first applications of 

advanced remote medicine were developed by NASA to monitor astronauts' health. 

Another example is the continued involvement of the Department of Defense. Some 

applications in this case are emergency/battlefield uses as well as the use of 

telemedicine for individuals in remote areas or possibly at sea. Variations ofthose 

technologies have been adapted for use in the applications we see today, and others, such 

as robotics-assisted surgery at a distance are currently under development. 

Administrative Assistance 

In that same vein, federal dollars have been used to develop a number of 

committees to inventory, evaluate and standardize telemedicine programs. One of the 

main oversight groups is the JWGT (Joint Working Group on Telemedicine), a working 

group composed of members from several different federal agencies. Member agencies 

range from those primarily responsible for granting, such as ORHP, along with players in 

the regulation or financing of health care and telecommunications including the FCC 

(Federal Communications Commission) and FDA (Food and Drug Administration). 

Some technical matters thought to presently impede the widespread use of 

telemedicine include licensure, liability, and confidentiality questions. Issues like these 

will no doubt be dealt with as time proceeds regardless of government intervention, but 
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one of the main goals of the JWGT and others like it is to recommend policy based on 

observations ofsuccessful programs in orderto minimize the impact ofpotential 

roadblocks. Activities ofthe JWGT have included a report to Congress on the use of 

Advanced Telecommunications Services for medical purposes (U.S. Dept. of Commerce, 

1997), as well as an effort to inventory programs and identify federal spending for 

telemedicine. A web site, the Federal Telemedicine Gateway, was established to convey 

this information (Federal Telemedicine Gateway, 1998). 

State Support 

In addition to federal monies, many states have made telemedicine development a 

primary health care goal. Actions by state legislatures have included licensure initiatives 

as well as reimbursement guarantee by state-funded medical programs for types of 

interactive video consultation. Two states that have been progressive in these areas are 

Texas and California. 

With its large area and number of isolated rural communities, Texas policy 

makers have looked to the development of advanced telecommunications as one method 

of improving educational and health care opportunities, especially in remote areas. The 

cornerstone of this effort is the Public Utilities Regulatory Act (PURA ), enacted in 199 5. 

The PURA allocates $150 million per year for 10 years to support telecommunications 

infrastructure projects throughout the state. 

Also-in Texas, telemedicine legislation was passed by the 1996 state legislature 

and became effective as of September 1, 1997. One bill allowed HMO and medical 
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insurance plans to cover telemedicine consultation. Others mandated state Medicaid 

reimbursement for physicians providing telemedicine consultation to a health care 

professional practicing in a rural county, and charged the state Department of Health and 

Human Services to develop a method for the reimbursement. Similar action by the 

California legislature also became effective in 1997. 

Program Descriptions 

A number of different types of telemedicine programs are in operation around the 

country. The programs differ in organization and focus of care, as well as the type of 

technology in use. To illustrate details of programs and how they may differ, two will be 

discussed. 

Eastern Montana Telemedicine Network-

Established in 1994 by an Office of Rural Health Policy grant that covered 

equipment and administration, the EMTN is based out of Deaconess Hospital in Billings, 

Montana and connects sites in seven Montana communities. Deaconess is a non-profit 

organization aiming to provide health care to patients from the greater part of eastern and 

central Montana and parts of northern Wyoming. Another tertiary hospital of similar 

size, St. Vincent's, is also present in Billings. 

By· securing the ORHP grant, Deaconess was able to forge cooperative 

relationships with the outlying communities, presumably widening their client base and 

becoming a stronger presence in each rural EMTN community. In exchange for the 
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access to specialists (such as psychiatrists) as well as ready communications with every 

other EMTN site,.the rural hospitals agreed to each pay half of the monthly line charge 

with the other half covered by Deaconess. Patients are not charged an additional fee for 

use ofthe televideo equipment or network, and are charged the same amount as if they 

had been attended in person. 

As part ofthe record-keeping process, each use of the system is classified and 

recorded as one of twelve main categories to track trends and use rates. Categories 

include Administrative, Legal, Continuing Education, Medical, and Psychiatric, to name 

a few. It is interesting to note that the most heavily used type of consultation is 

psychiatric. There are no psychiatrists between Billings, Montana, and Williston, N()rth 

Dakota, a distance of over 300 miles, so prior to the implementation oftelemedicine in 

those selected communities the most common alternative for patients wishing to seek 

psychiatric care was travel to Billings. At this time all initial consultations are still 

conducted face to face, with follow up visits conducted by remote care through EMTN. 

Administrative and educational purposes are also cited as common uses for the system. 

Meetings between administrators and staff ofEMTN communities can now be conducted 

"in person" without the expense of travel, and continuing education is sometimes offered 

. via video. One interesting obs~rvation is the relatively low level of system uses for 

medical purposes, which includes all traditional medical consultations (excluding 

psychiatry). 

This low use rate may be partially explained by physicians' relatively high 

opportunity cost to utilize the system. Inconvenience of scheduling, transition time and 
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the extended length of video consultation as compared to traditional consults are a few 

examples of how televideo may be less attractive to physicians than in-person visits. 

Additionally, many practitioners find that video capability adds limited additional 

explanatory power to diagnoses over still-image transmission. Using the language of one 

doctor, "Most diseases don't move." (personal communication, Flaherty, April I, 1997) 

Inland Northwest Telehealth Services 

In Eastern Washington state, a unique arrangement has been made amC?_~g the 

major medical providers in the Spokane area. In order to strengthen the regional medical 

opportunities available, the individual hospitals joined to form a group known as Inland 

Northwest Health Services (JNHS). The focus of the collaboration originally included 

emergency helicopter service, a rehabilitation institute, community health education, and 

development of a compatible information services network. Over time, the additional 

. goal of developing connections with outlying area h?spitals through telemedicine was 

added through the formation of Inland Northwest Telehealth Services (INTS). In 

October, 1996, JNHS approved a plan budgeting $2 million for the first three years of the 

project. By May 1997, the initial connections included the five JNHS member facilities 

in the Spokane metropolitan area, and three outlying hospitals. Plans were made to link 

six additional remote sites in 1998. In addition, two federal grant awards were secured in 

falll997, which will allow six more eastern Washington commtmity hospitals to jom the 

network by 2000. 

While still in the initial stages of development, the JNHS Telemedicine program 
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merits attention for a few different reasons. The nature ofiNHS itself as a collaboration 

between competing hospital systems is in itself a unique organizational structure. In 

addition, the main difference between the INTS project and most other telemedicine 

projects is its initial start-up, achieved without the support of outside grant funding. The 

1997 ATSP report on telemedicine reports only 18 of 97 programs as having been 

established without any external funding sources. This type of entry into the 

telemedicine market 1s observed as one of the first signals to date that firms are 

perceiving these technology applications as a possible method for gaining a competitive 

edge in the health care industry. While it has been alluded to by telemedicine developers 

and supporters that this type of system can enhance health care delivery, the history of 

such systems has not seen the predictions borne out, adding to the significance of private 

sector investment. Iftelemedicine is indeed an effective method of health care delivery, 

one would expect to observe increases in the level of privately fmanced programs over 

time. 

Literature Review: Telemedicine Evaluation 

As mentioned previously, a number of privately and publicly funded entities have 

undertaken telemedicine research. Among these are developers of methods for evaluating 

telemedicine systems. The following section will focus on the literature (authored 

primarily by health care professionals) that has come about as a result of concerted efforts 

to understand the effects oftelemedicine implementation. 

During the 1970's, video telemedicine had a short-lived introduction that found 
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virtually no program able to sustain itself beyond the initial period of grant funding. 

Many reasons for the introduction and subsequent disappearance of video telemedicine 

are commonly cited, including small numbers of patients, high cost per patient served, 

unreliable equipment, and inattention to the organizational, behavioral, and frnancial 

conditions necessary for sustainability (Institute of Medicine, 1996). Whether or not 

these factors were the true causes of program failures, it is certainly true that increased 

emphasis is being placed on research focusing on telemedicine evaluation. Probably as a 

result of the recent arrival of managed care in the health care scene, and the accelerated 

level of U.S. health care inflation, increased attention has been concentrated on 

developing all types of health care evaluation methods. As with any type of evaluation

based studies, the goal of such research is to fmd out what works and why. 

Varied methods have been developed in an effort to evaluate telemedicine 

programs. In one effort to lay groundwork for meaningful evaluation, Grigsby et al 

(1995), outlined two conceptual models to facilitate· research on the effects and 

effectiveness of telemedicine. The first concentrates on methods to test the effects of 

telemedicine on diagnostic accuracy while the second proposes a method for classifying 

telemedicine uses according to processes of care rather than by specialty or disorder. By 

classifying a psychiatric consultation more generally as a "medication check or post

surgical follow-up" as recommended under the methodology, the researcher is able to 

more easily grasp the main uses oftelemedicine technologies. There are nine main 

categories including "initial urgency evaluation" for emergency use and "transmission of 

diagnostic images" for MRl or x-ray images. At the other end of the evaluation spectrum 
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are studies that such as one Bonder and Zatchuk proposed, "Changing the paradigm for 

telemedicine development and evaluation: a prospective model-based approach" (1997) 

using sociological theory as the underlying framework. 

It becomes evident that there are a number of ways to approach the task of 

evaluation. The first hurdle seems to be defming the term "evaluation", since a survey 

of telemedicine evaluations published in the current literature yields a wide range of 

work. As used here, the term "evaluation" refers to an analysis of the relevant benefits 

and costs oftelemedicine within a framework of economic theory. 

Economic analysis as mentioned in the health care literature contains very 

different information than the type of analysis commonly referred to in economics 

literature. The type of work commonly found within the realm ofhealth care is well 

illustrated by Mcintosh and Cairns (1997). It identifies some of the main challenges 

encountered in analysis oftelemedicine, including constantly changing technology, 

frequently inadequate sample sizes, and valuation ofhealth and non-health outcomes. 

Sisk and Sanders (1998) offer another view, employing cost-effectiveness measures to 

assess appropriateness of telemedicine investment. The authors go on to comment 

regarding the role of licensure, malpractice coverage, and managed care on rates of 

adoption ofthe technology. 

As seen in these articles, most economic evaluation works in telemedicine and 

other health care journals place an emphasis on the decision by the hospital or clinic of 

whether to invest in a telemedicine system (Eisenberg, 1989). The role of consumer 

choice and benefits to a wider scope of parties have been often overlooked in health care 
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economic analysis. 

Most efforts oftelemedicine evaluation can be placed into two main categories: 

(1) fmancialjustification/estimation and (2) clinical effectiveness. Within fmancial 

justification fall cost-benefit analysis and cost-effectiveness measurement. Clinical 

effectiveness studies cover a wider range of subjects all centering on :flilding out how well 

telemedicine systems work from a number of viewpoint~. Subjects within this area 

include comparison of patient outcomes or development of quality measurement 

methods. 

Financial Justification 

If telemedicine proves to be an unprofitable venture for health care facilities, its 

present popularity will be as short-lived as it was in the 1970's. The long term 

sustainability oftelemedicine is very unlikely without participation by individual health 

care firms enterjng the telemedicine market as a way to compete in the health care arena. 

Multiple efforts have been made to assist individual facilities with this investment 

decision, with some of these studies undoubtedly conducted to convince the relevant 

parties that telemedicine is a sound investment opportunity. Two of the main methods 

used in financial justification sh1dies are cost-effectiveness and cost-benefit analysis, 

which are similar but differ enough to merit illustration. 

Cost-effectiveness 

One ·evaluation method is the determination of cost-effectiveness, a tool used 

primarily for decision-making by an individual facility. In general, the goal of cost-
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effectiveness analysis is to determine the least costly method of achieving a specific set of 

objectives For example, a clinic desiring to provide mental health services might 

compare the cost ofhiring a psychiatrist with the alternative option of introducing 

interactive video telemedicine in cooperation with a distant psychiatrist. In order to be 

meaningful, the analysis of cost-effectiveness must be made in terms of achieving the 

same set of outcomes regardless of the treatment method used (Bashshur, 199 5). It should 

be noted, however, that "the choice of the most cost-effective means may be an 

inefficient choice" (Berki, 1975). The use of cost effectiveness analysis as the primary 

decision-making tool is recognized as somewhat short-sighted as other, more valued 

objectives may be sacrificed for the sake of attaining one specific objective at the least 

cost. 

Cost-benefit 

While potentially more complex to perform, cost-benefit analysis offers a wider 

look at possible outcomes and can facilitate the comparison of very different processes 

(for use in comparing returns on completely different projects such as spending on 

telemedicine vs. spending on emergency services). Its use in health care has been mainly 

limited to projections for use in individual firms' purchase decisions, and thus does not 

focus on economic costs that may be incurred, such as opportlmity cost, but the 

advantages of completeness and flexibility make it a generally preferred method over 

cost-effectiveness. 

Another example of the type of cost-benefit analysis usually folmd in the 
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telemedicine literature is a case study of the Texas Telemedicine Project, published in 

Telemedicine Journal (Preston, 1995). The paper focused on the projected savings to 

four facilities cooperating in an interac;:tive video program in a rural Texas community, 

then compared the estimates to actual savings attributable to the presence of video 

telemedicine. Preston reported that the total savings, number of system uses and revenue 

generated by avoiding transport of patients were all much lower than had been projected. 

For example, the projected number ofhours of use for the one year period were 9750, 

while the actual hours of network use were 307, or 3.1% ofthe initial prediction. Of 

$209,486 projected annual savings, $97,380 were realized. The study highlights factors 

that address the viability oftelemedicine in a rural environment, and also alerts would-be 

ad hoc analysts to the inexact nature of benefit estimation by poll. As demonstrated by 

this case, potential users 'of the system generally had no idea to what extent they would 

use the technology prior to its introduction. A number of factors come into play, such as 

whether practitioners are trained in the use of the technology, the level of inconvenience 

of scheduling and use of the system, and whether the video image offers desirable clarity 

and interaction necessary for the task. 

While useful in their own right, the previous examples are somewhat limited in 

scope. By focusing on the hospital's break-even point and technical issues sunounding 

implementation, no consideration is given to the choice of the individual seeking care, or 

the impact the addition of telemedicine may have on the entire sunounding health care 

system. Another important angle, alluded to but rarely dealt with specifically in financial 

justification articles is the quality of care offered by telemedicine treatment altematives. 
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Clinical Effectiveness 

One of the areas in health care literature in general given increasing attention is 

the notion of health care quality. A somewhat elusive expression, the issue of quality has 

become an issue of rising interest as the presence of managed care has become more 

prevalent. Numerous studies have undertaken the task of defining measurement of 

quality in health care, yet no clear method has emerged as a standard. The difficulty is 

clear: which is the most telling statistic, average life span, infant mmiality rate or number 

of employee sick days in a population? And which of these, if any, can be best used to 

measure quality ofhealth care? 

Similarly, the effect oftelemedicine implementation on health care quality is an 

issue of great interest to the medical community, though efforts to specifically determine 

the clinical effectiveness oftelemedicine applications are still in their early stages. 

However, much attention has been focused on evaluation oftelemedicine systems, some 

of which include quality determination. Quality is defined as, "the degree to which health 

care services for individt1als and populations increase the likelihood of desired health 

outcomes and are consistent with current professional knowledge" (IOM 1996) as first 

developed by a committee to investigate quality assurance issues in Medicare, then later 

accepted by a committee dedicated to developing evaluation techniques for telemedicine. 

The challenge lies in how can this undefmed variable can be attributed to interactions 

regarding clinicians, patients, and systems, both separately and also as a process of their 

interaction. · 

The focus on completed and ongoing telemedicine evaluations varies widely in 
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scope and subject. In a recent search of a well-maintained Internet bibliographical 

database for telemedicine, tl:le Telemedicine Informa1i011 :Excha!}ge, a qu~ry for ar1:icles 

containing the word "evaluation" in the subject description yielded more than 360 titles, 

most written within the last four years (Telemedicine Information Exchange, 1998). Such 

evaluations include a range of subjects spanning from measuring diagnostic accuracy as a 

result of differing data compression methods in teleradiology, to understanding whether 

and why certain groups of physicians are resistant to utilizing the new technology 

altogether. One rriethod of classifying these evaluation attempts to is to break the efforts 

into groups according to the primary focus of study. For example, the research may be 

centered on either the clinician, the patient, or the system itself, but it is not uncommon 

for an evaluation to cover more than one group at a time. 

One class of telemedicine research has been mainly dedicated to the clinical 

capabilities of the technologies from a physician's point of view, such as accuracy of 

diagnoses when using teleradiology in dermatology as opposed to traditional methods, 

(Perednia, 1995). A further step considers patient outcomes when telemedicine 

technologies are implemented into the regimen of care. An example of this type of 

evaluation is a study comparing the clinical efficacy oftelepsychiatry to the psychiatric 

care provided in person (Folsom, 1995). 

Numerous works have dealt with the technical aspect oftelemedicine provision. 

Different billing, administrative and scheduling procedures may have varying degrees of 

success and heavily impact the overall performance ofthe system. 
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Major Contributions 

Within the field of telemedicine evaluation and research, there are a some works 

that merit individual mention. Summaries of selected members of this body of work 

follow. 

Institute of Medicine. In response to widespread concern over the scarcity of 

sound telemedicine evaluations, the National Library ofMedicine requested the Institute 

of Medicine to develop a broad framework to assess the effects of clinical telemedicine 

on the quality, accessibility, cost, and acceptability ofhealth care. The committee's 

recommendations, published in a report entitled "Telemedicine: A Guide to Assessing 

Telecommunications in Health Care", is one ofthe most complete works available in the 

telemedicine evaluation literature. Published in 1996, it was written primarily for an 

audience of policy makers, researchers, clinicians and patients to identify issues 

important in evaluating a wide range oftelemedicin~ applications. Included are a history, 

identification of policy issues such as liability, licensure, and confidentiality, and 

examples of evaluations. Recommendations are also made regarding measurement of 

telemedicine' s effect on access, quality (Institute of Medicine, 1996). 

Telemedicine Research Center. An independent non-profit research and 

education corporation, the Telemedicine Research Center was formed in Portland, 

Oregon in March 1994. Its mission is to conduct high-quality applied research into the 

medical applications of telecommunications technologies, focusing mainly on clinical 

services research and information services. The Center has entered into a cooperative 
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agreement with the Federal Office of Rural Health Policy (ORHP) to assist in the design 

and implementation of evaluation of over 30 telemedicine demonstration projects that 

have received federal funding, and has designed software specifically for that purpose. 

Other projects include the creation and maintenance of a web page, The Telemedicine 

Information Exchange, dedicated to providing comprehensive information about 

telemedicine, and publication of an annual "Report on Telemedicine Activity". 

Other sources. While not specifically directed toward telemedicine, Drummond's 

(1987) "Methods for the Economic Evaluation ofHealth Care Programmes" provides 

general considerations for health care evaluation. Economic evaluation is defmed, and its 

necessary elements listed along with limitations. The author describes a number of 

. alternative methods of evaluation including cost analysis, cost effectiveness analysis, cost 

utility analysis and cost-benefit analysis. Critical appraisals of published articles are 

made, and practical advice included for evaluators. 

Economic Evaluation: a Contrast 

Upon examining the existing literature of telemedicine, it becomes apparent that 

one main focus of the most recent round oftelemedicine introduction has been evaluation 

in one form or another. However, nearly as obvious are some important considerations 

that have been left untouched in studies to date. The following are two observations 

regarding the way telemedicine is viewed in the current evaluation literature: First, it is 

treated as a stand-alone procedure and analyzed independent from the health care system. 
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Additionally, the impacts of telemedicine have been limited primarily to analyzing its 

clinical effects on patients and the hub facility. There are economic tools to remedy 

these. Most importantly in the way that telemedicine can be viewed not as a good in 

itself, but as a factor used in the production of health care, and ultimately health. 

A more complete evaluation of a telemedicine program would include not only 

the short term benefits to the originating hospital, but also account for the value of 

strengthened referral relationships with outlying facilities. Additional benefits of 

telemedicine could also be accounted for far outside the urban hospital, to rural patients, 

spoke hospitals, and their communities .. 

When viewed in the larger context of the health care system, the effects of 

telemedicine may vary significantly as compared to those found when it is viewed as an 

independent component. Benefits that may otherwise remain unseen include the value to 

a rural hospital of potential for increased scope of care and connection with a larger 

facility. Additionally, there may be benefits to a corr1munity of maintaining a given level 

of locally available health care services. Retail, other business, increased likelihood of 

viability. 

According to its supporters, when developed and implemented thoughtfully, 

telemedicine systems may have the potential to simultaneously address several problems 

currently common in health care (especially in rural areas), including access to care, cost 

containment, and quality assurance. (Bashshur, 1995). Access can be improved by linking 

providers in 'remote areas with others who can offer professional support, such as 

specialists in metropolitan centers or peers in rural areas. This not only enables a wider 
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range of services to be offered in the local community, but may have the added effect of 

improving physician retention in isolated areas, one of the primary challenges in 

maintaining access for frontier medical centers (Capalbo et al, 1997). Cost-containment 

can be aided through telemedicine by ideally directing the care of a patient throughout an 

episode of illness, sometimes referred to as "patient trajectory"(Bashshur, 1995). The 

main goal of optimal patient care is to promote the use of appropriate services, by 

appropriate providers, at the appropriate site while discouraging inappropriate use. Cost 

containment is further promoted by the substitution of lower-cost for higher-cost 

providers and facilities. Ideally, improved quality will be achieved by ready availability 

of consultations and referrals. It is important to note that increased quality as a result of 

telemedicine is not a given. Overall 'quality' of rural health care services may be defined 

as larger than the quality assurance of any one procedure, including a scope of services, 

and expertise of personnel. There is no indication whether telemedicine will increase the 

quality of rural health care services. 

In a perfect world, these would be benefits of telemedicine implementation, but 

these are based on assumptions which have not yet been verified in a field setting. It is 

unclear at this point whether video telemedicine fosters the use of lower-cost facilities 

and personnel at all, or that it provides opportunities for increased quality of care. With 
,.-;•· 

the use of economic methods to measure the benefits of telemedicine implementation, it 

is hoped that preliminary imoads can be made for developing evaluation standards in 

telemedicine. 
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Chapter 3 
ECONOMIC LITERATURE REVIEW: 

BENEFIT -COST ANALYSIS AND DEMAND ESTIMATION 

This chapter surveys the economic literature to explain the underlying theory of 

benefit-cost analysis (BCA) and explore its potential usefulness in the evaluation of 

telemedicine. Critical to the use ofBCA is the quantification of benefits and costs of 

telemedicine technologies. This chapter also provides a review of demand estimation 

and application of recreational models to health care. In the appendix, the use of welfare 

analysis is motivated and different criterion used to measure welfare changes discussed to 

illustrate advantages and disadvantages of alternate decision criteria. 

The task of deriving the demand for health care services has been addressed in 

the economic literature, but the body of work focusing solely on the demand for primary 

health care in rural areas is still relatively undeveloped. Health care demand studies that 

illustrate major points of interest are noted and descriped. Additionally, some of the 

same· challenges encountered when deriving demand for rural health care relate to those 

in the recreational demand literature, including issues ofvaluing changes in access, and 

changes in quality. The last part of the chapter specifically targets those areas of concern 

and how they have been handled by economists working outside the health care arena 

with special attention given to travel cost and discrete choice modeling. One of the 

possible effects oftelemedicine implementation is a change in the quality of care at a 

facility, though there is uncertainty regarding the direction of this change. Since there is 

no evidence currently available that verifies telemedicine as a quality-enhancing measure, 
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we can imagine that telemedicine could result in either an increase in the quality ofcare 

at a facility, or a decrease. Since the quality dimension can affect the magnitude of 

benefits, its role in cost-benefit analysis is also examined. 

Benefit-Cost Analysis 

Benefit-cost analysis was originally developed for evaluating public works 

projects by estimating the value of policy alternatives to society. At the heart of the 

theory behind the method is the realization that the value of a project is often 

substantially greater than revenues it generates, and any measure of benefits should 

expand its scope to include consumer surplus. As opposed to the types of cost-benefit 

analyses that have previously been applied to the case oftelemedicine, which focus on 

whether telemedicine technology will enhance the financial position of one particular 

health care firm, the proposed method will concentrate on developing a framework for 

quantifying the benefits to society as a whole that are attributable to rural telemedicine. 

By placing telemedicine in this light, it is hoped that the stage will be set for wise policy 

decisions regarding the use oftelemedicine as a means for delivering health care service. 

As Mishan (1972) stated, "what counts as a benefit or loss to one part of the 

economy ... does not necessarily count as a benefit or loss to the economy as a whole". 

The same text recounts the Pareto basis of cost-benefit calculations, a primary foundation 

for understanding welfare analysis. A Pareto improvement is defmed as a change in 

economic organization that makes one or more members of society better off without 

making anyone worse off. Therefore, a potential Pareto improvement is a change that has 
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the possibility to make everyone better off (or at least not worse off) if costless transfers 

among members of society are assumed, regardless of whether that exchange actually 

takes place. A change that would satisfy the requirements of potential Pareto 

improvement produces total societal gains that exceed the value of accompanying societal 

losses. The logic behind the use of potential Pareto improvement for social decisions..is 

that if it is employed consistently in policy-making, the ideal result is that over time all 

members of society will benefit. 

Simply put, to satisfy the conditions of Pareto improvement, the winners gain 

more than the losers lose. Within the simplicity of this criteria are obvious 

accompanying difficulties. One is the fact that it ignores income distribution issues. For 

example, a policy that allows for the wealthy to become wealthier while the poor become 

poorer by slightly less would be quite consistent with the guidelines for acceptance 

according to potential Pareto improvement, even though the social acceptability or 

effectiveness of such a policy would likely be called into question. In all reality, 

distributional considerations may be quite significant in considering the implications of a 

particular policy. Refer to the appendix for a recounting of why potential Pareto decision 

rules are equivalent to social welfare ·maximization, and the assumptions under which this 

is the case." Also included in the appendix is a description of special issues for 

consideration in benefit-cost analysis, including aggregation over individuals and 

aggregation over time, as well as uncertainty. Additionally, a listing and description of 

alternative decision rules, other than choosing the option that provides the largest net 

benefit is provided, as well as explanations of why they may not be the best choice. 
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The main objective of evaluating telemedicine within an economic benefit-cost 

framework is to determine whether the requirements for reaching a potential Pareto 

condition are met. It has been shown that under certain assumptions, or disregarding 

distributional effects, this condition is equivalent to that of social welfare maximization. 

Distributional issues and the selection of~ appropriate rate of social discount may prove 

important in the decision between policy alternatives. Matters are complicated by the 

uncertainty of the effect of telemedicine implementation on quality and access, but other 

areas in the economic literature have developed methods for addressing this uncertainty. 

One part of measuring the change in societal welfare is to determine how the 

implementation oftelemedicine affects the price and quantity ofhealth care delivery, i.e. 

how does telemedicine shift the demand function for rural health care? 

Another important consideration for the evaluation of emerging health care 

technologies is the effect on health care expenditures systemwide. As noted in Bronzino, 

et al ( 1990) the introduction of computer technologies in recent years may have 

encouraged overall use of health care services either due to a decrease in price or increase 

in quality for individual services. The end result may well be greater expenditure on 

health care services society-wide, which is important to take into consideration when 

looking at telemedicine technologies in a benefit-cost framework. 

Demand 

In addressing the benefits of telemedicine, one needs to conceptualize how 
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telemedicine impacts the demand for rural health care. Does telemedicine simply shift the 

marginal cost curve of providing rural health care, changing the price for a given service 

and thereby moving along a given demand curve for rural health care services? Or does 

telemedicine actually shift the demand curve for rural health care? If the former is true, 

the benefits of telemedicine are measured as the change in consumer surplus associated 

with the price change; if telemedicine shifts the demand curve for rural health care out, 

then the increase in consumer surplus is a result of consumer's increased willingness to 

pay for health care ofhigher relative quality. The benefits to society of implementation 

can be visualized by the difference in the area under the demand curve for rural health 

care with and without telemedicine. This area is equivalent to the present value of the 

stream of future benefits due to telemedicine, and when the present value of the costs is 

subtracted, that net present value can be used for comparison against other options. This 

section will introduce issues for consideration when modeling health care demand. To 

find a measure of benefits, a demand function for rural health care must be specified and 

the effects of telemedicine implementation isolated. Included here are a survey of 

relevant health care demand literature, as well as applications used primarily in the 

recreational literature and an explanation of the similarities that exist for rural health care 

and recreational considerations. 

Health Care Demand 

Most of the empirical research which has focused on identifying demand for 

health care services has been centered around health care demand in an urban setting, or 
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for some subset of specialty services rather than for general primary care. One of the 

more promising areas seems to be the research performed to fmd the demand for health 

care in developing countries, since similarities in circumstance exist. 

Along these lines, Gertler and Van der Gaag ( 1990) designed a model to analyze 

price elasticity and individuals' willingness to pay for health care in rural communities in 

Peru and Cote d'lvoire. The theoretical constructs of the analysis identify the household 

as the decision making body for consideration, with the objective of maximizing utility 

subject to a fmite level of resources. To fmd the welfare effects of a price change for 

health care, the expenditure function (the inverse of the indirect utility function) is 

identified. Then, the expenditure necessary to achieve the given level of utility is 

compared to the new income level necessary if the price ofhealth care were to change. It 

is important to note here that price is a combination of money price for the visit, as well. 

as travel costs. This difference in income is known as the compensating variation. An 

example of its interpretation is the maximum amount a household would be willing to 

pay for a decrease in the price of a visit due to increase in access, or shortened distance 

to available care. 

Gertler and Van der Gaag make note of several complications encountered when 

estimating demand for health care. In the case of medical services run by governments, 

there may be little or no variation in price within a country. Even if a positive price is 

assessed for medical visits, it may be uniform across all sites. This same situation may be 

faced within a telemedicine system, where even if a positive price is paid for use of the 

system, usually there is no price variation among sites. Additionally, the choice of 
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seeking health cc.::e is discrete, with the individual choice of where to seek care including 

from a physician, clinic, hospital, or not at all. According to the authors distributional 

issues are important to consider, especially in the application to developing countries. 

Special attention is warranted since the introduction of uniform user fees for medical care 

would have the regressive effect of reducing medical utilization by the poor more than the 

rich. 

Various other sources of information regarding health care demand have been 

developed in the economic literature. One of the more well-known efforts is the Rand 

Corporation's health insurance experiment (Manning, et all987). The study focused on 

isolating the determinants of how much medical care individuals choose to. consume, 

given that they choose to seek care, as well as whether they choose to seek care at all. As 

may well be expected, the authors found that price was a major factor in determining the 

amount of medical care consumed. This was determined by offering varying levels of 

insurance coverage to different groups and measuring their response. While likely one of 

the best known kd most well-regarded health economics experiments in memory, the 

application of the methods to the evaluations oftelemedicine are limited because of the 

urban focus and controlled nature. It is crucial to note, however that this study evidences 

an undeniable price response to medical care, which further justifies the necessity of 

demand analysis, and the economic cost-benefit approach for health care applications. 

In Health Economics, Phelps (1992) develops the foundations of consumer 

demand for medical care and explains its connection to the underlying utility theory. 

Issues covered include: health production, income and substitution effects, and 
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insurance coverage and its effect on the demand curve for health care. Additionally, the 

author identifies the role of time and travel cost as well briefly covering considerations 

for quality. Phelps defines quality as having at least two facets, one of which is how well 

the treatment produces the desired outcome of improved health another is the patient 

perception of that quality as observed through various amenities. This notion of quality 

is widely recognized as a potential shifter of the demand curve. To illustrate this, imagine 

a consumer's willingness to pay for a specific procedure that has proven 50% effective. If 

it were improved to provide effective treatment to every patient who received it, you 

would expect an individual to be willing to pay more for the procedure. When cast in the 

light of telemedicine, it becomes apparent that considerations for changes in quality need 

· to be included in evaluation. If the product of medical care changes with the use of 

telemedicine, the benefits to consumers can also change. Change in quality is a simple 

concept, but the real difficulty lies in recognizing and indexing this change. Numerous 

efforts have been undertaken by the medical research community, but no standard for 

measurement has emerged. According to physician and performance measures researcher, 

David Eddy (1998), "Today's measures tend to be blunt, expensive, incomplete, and 

distorting. And they can easily be inaccurate and misleading." There seems to be plenty 

of room for improvement in quality assessment. 

As part of a research project to model the demand for rural hospital services, 

McNamara (1996) focused primarily on the choice of rural consumers to bypass the local 

provider in a community and seek care elsewhere. One of the main objectives was to 

determine the factors' that cause individuals to seek care elsewhere. The Random Utility 
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Model, a type of discrete choice framework, is used to model the decision of where to 

seek medical care. McNamara provides a justification for this selection and develops 

elasticities for hospital attributes and their projected effect on patient migration for 

different types of facilities. In the vector specifying facility attributes and personal 

attributes, variables such as local facility bedsize, number of physicians, age, race and 

distance to alternative care were included. Cross elasticities for the probability of using 

the nearest rural hospital were presented, and they show the change of probability of 

choosing the nearest hospital if there was a change in distance to or bedsize of an 

alternative facility, as well as family income: Choice elasticities reported include .082 for 

distance to the nearest rural hospital, and .255 for distance to the nearest urban hospital. 

This means that if the distance to the nearest alternative rural hospital increases by 1 0% 

(perhaps because an existing facility closes), then the probability that local residents will 

choose the local facility for care will increase by .82%. Or, if the distance to the nearest 

urban hospital decreases by 10%, the probability that local residents will use the local 

facility decreases by 2.55%. 

These elasticities are important for consideration in telemedicine because one 

perceivable effect of implementation could be a change in the distance to alternative care. 

Imagine two similar rural hospitals, located in communities A and B. Hospital B is the 

nearest alternative to local care for residents in community A. If hospital B expands its 

scope of operation as a result of telemedicine and begins providing additional procedures 

- this could in effect change the distance to the nearest urban hospital for residents of 

community A, changing the probability that they will choose their local hospital for care. 
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Recognizing that the effects oftelemedicine reach beyond the boundaries of the local 

· community is a first step in designing policythatwill achieve desired goals. 

An important related issue that comes up in modeling the demand for health care 

in eastern Montana is travel time. Acton (1976) and Coffey (1983) were both interested 

in the time-price elasticities ofhealth care, and specifically modeled the effect of time on 

health care consumption. Both travel and wait time were found to affect consumer 

behavior, which seems logical since by changing time required for a visit, price is 

essentially changed and quantity of visits will also be affected. Acton found the own 

time-price elasticity for public health providers (-.958) much greater than for a private 

physician ( -0.252), presumably because there are more substitutes for private care. The 

interpretation of this elasticity is that a 10% increase in time (including both travel and 

waiting) for a public provider results in a 9.58% (or 2.52% for a private physician) 

decrease in quantity of visits for an individual. Coffey looked at the decision of health 

care as a multi-stage event, and the effect oftime orr each part. The stages are: whether to 

seek health care; the choice of provider; and how much health care is chosen. She found 

that a 10 percent increase in time price resulted in a 1 percent decrease in the probability 

an individual will seek care, but when the time-price of a public provider increases 10% 

relative to a private provider, the probability of seeing a public provider decreases 4.8%, 

which is again a more elastic response. 

The economics literature includes many examples dedicated to determining 

demand for different types of health care, and also for examining the basic issues that 

affect individuals' consumption of health care, such as insurance coverage and travel 
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time. Determination of demand specifically for rural primary care has not been noted in 

the economics literature, developing countries literature (Gertler and Van der Gaag) as 

well as a paper focusing on hospital choice (McNamara) offer useful.similarities. 

Recreational Demand 

The consideration of time and travel cost as a part of price, the discrete choice 

nature of the health care decision, and allowance for varying levels of quality are all 

issues in demand modeling for both health care and recreational.demand. This section 

will cover some ofthe basics for application oftravel cost and discrete choice modeling, 

instances where use of these tools is warranted, and the assumptions and limitations of 

implementation. 

The travel cost model is one of the most well known models used in the study of 

recreational demand1
• Simply described, it combines information regarding rates of 

visitation with the full cost to the participant of that visit to develop a demand curve. Its 

use is predominant in cases where there is not sufficient variation in price among 

consumers (if a price for use of the site exists at all) to otherwise obtain a meaningful 

demand curve. Imagine the case of Yellowstone Park. The price of entry charged to all 

visitors .does not greatly differ, and a demand curve constructed with only this 

information would be misleading because it would not accurately represent the value its 

users place on visiting the Park. By using additional information and observing the travel 

cost incurred by different individuals in constructing a demand curve, a better idea of 

1for the original development of the travel cost method for use in valuing recreational 
sites, see Hotelling's letter to the National Park Service (1947) 

., 
'T 
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individuals' willingness to pay can be obtained. 

The connection to telemedicine lies in the travel cost that often accompanies the 

actual cost of treatment in rural health care, especially for specialty treatment that may 

not be available except at a sizeable distance and travel expense. One of the obvious 

consequences telemedicine can have for rural consumers is the possibility of treatment at 

a more local facility. In Montana, it has been observed that the users oftelemedicine do 

not face a varying scale of payment for consultations (personal communication, 

Armstrong, 1997), similar to the previous example of Yellowstone Park. Under the 

current system of operation, there is no charge for the actual use of the system for 

medical and mental health consults between rural sites and Deaconess-based physicians, 

so the only variation in money price for any one type of visit is the introduced by 

different types of insurance coverage. 

The most common method for deriving demand using travel cost information 

includes splitting the relevant area around the site in question into zones, commonly 

concentric circles with the site in question at the center (Boardman, et al1996). The 

underlying principle here is to isolate the effect of distance from the site in question on 

visitation rate, thereby introducing some variation in price among consumers. The visit 

rate to the site in question, be it for recreational or health care use, in each zone depends 

on a number offactors. By observing the behavior of consumers in each zone, as well as 

having information about the characteristics ofthose consumers, a demand curve can be 

determined. Rates of visitation within each zone are calculated, and the additional 

information such price of a visit including travel, incomes, and price of substitutes 
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gathered to facilitate construction of a demand curve. For example, assumption of a 

constant elasticity functional form would lead to the following regression equation that 

can be estimated by OLS: 

ln (V/POP) =flo +f31 ln(p) + f32 ln(p,) + fJ)n Y + /34 ln Z + E 

where p is own price, Ps is the price of substitutes, Y is income and Z is a vector of 

attributes including other relevant information to reflect tastes and preferences. There is 

one equation for each zone, and now the visitation rate in each zone is explained by a 

number of variables including the cost of traveling to the site in question. The demand 

curve is estimated in a second step, where visitation rate (Q) or (V /POP) is regressed on 

the price of a visit including travel cost (p ), or 

Q = f(p) 

As with other demand modeling tools, the travel cost method has its limitations. 

Difficulties that may be encountered when using TCM include estimation of the 

opportunity cost of time and how time spent at the site is treated, multiple purpose trips, 

possible endogeneity of the travel cost variable, and truncated data. Since the only survey 

subjects under this design are users, estimation difficulty may arise. For a more complete 

description of the trouble caused by these, see Boardman, et. al. (1996). Travel cost 

models can be designed either for a single site or multiple sites. The main difference is 

the number of substitutes determined to be relevant. In a multi-site model, the choice of 

how often to visit a site is dependent on the price and attributes of many other sites. 

The value of a recreational site is the discounted present value of the flow of 

resulting services to its users, as measured by the area under the compensated demand 
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curve for visits to the site (Freeman, 1992). Since the travel cost method yields a 

Marshallian demand curve, the usual practice is to use Willig's (1976) argument that the 

ordinary consumer surplus measure sufficiently approximates the true consumer surplus. 

It has been argued that the error in this assumption could be significant enough to warrant 

alternative methods that would yield exact welfare measures, such as discrete modeling. 

Freeman (1992) offers a good description of another approach commonly used in 

the recreation literature, discrete choice demand modeling. Discrete choice modeling 

differs from other types of analysis in that the individual consumer does not necessarily 

optimize over a range of continuously variable consumption options. Instead of predicting 

how often the individual will seek medical care at a given price, for example the discrete 

choice model would predict where care would most likely be sought given the individual 

attributes of each option. Greene ( 1997) provides the econometric specifications of 

discrete choice modeling and its underlying assumptions. The advantage of discrete 

choice modeling is that different levels of quality at each site can be implemented, and 

the effects of differing attributes at sites can be measured by how they affect the 

probability that a consumer will seek care at that site. Though it uses far more 

information than the travel cost model, it could be very useful in the sense that it would 

be possible to measure the value of telemedicine implementation by looking at how if 

affects a system of rural health care delivery, rather than just valuing_telemedicine as a 

product on its own. 
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Quality 

One potentially important aspect of telemedicine is its effect on health care 

quality. It has been mentioned that a development of a widely accepted method for 

measuring health care quality is in early developmental stages. However, considerations 

should be made for the inclusion of a quality effect in the evaluation oftelemedicine. 

The task of valuing improved quality has been met in the recreation literature for a 

number of situations, and some of the same principles may be applicable to health care. 

Freeman ( 1992) describes methods for measuring site quality and incorporating quality 

into the recreation demand model. In reference to recreation, "quality" is a proxy for a 

variety of characteristics of a site. Measures of quality can be based on either scientific 

data or represented by some measure of perceived quality as determined by consumers. 

Incorporation of quality into the demand model can be approached in a few different 

ways, depending partly upon the demand model chosen. 

As Freeman explains, when a number of sites are being considered, a multi-site 

travel cost model can allow for substantial variation in quality, but the effects of quality 

on visitation rate can be difficult to separate from travel cost. Incorporation of quality as 

an explanatory variable in multi-site demand models necessitates simplification, and can 

limit model effectiveness. One way this is done is by pooling data, and estimating a 

single visitation function 

where the ntimber ofvisits the individual makes is a function only of price and quality, as 

well as the individual's income. The shortfall ofthis approach is that the coefficient on 
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own price and. quality are constrained to be the same across all sites and the effect of a 

quality change is limited to shifting the interceptofthe demand function. Another, 

similar method is the "typical trip" or "average trip" model, where a single demand 

function estimated from individual data takes the form 

r; = (prti> ql, M;) 

and the number of visits of individual i is a function of the price and quality of the site 

most frequently visited by the individual. This type of model has many of the same 

limitations as the pooled model. 

For both these methods, calculating the value of a change in quality is essentially 

the same. For a given vector of prices and qualities, consumer surplus is estimated as 

areas under the demand curves. The alternative vector for quality is substituted, then the 

difference between consumer surplus is cal.culated, quantifying the value of change in 

quality. One of the main limitations ofthis approach is that quality can only change at 

one site, since this type of model does not include quality at substitute sites within the 

demand equation. 

It is difficult to adapt the standard travel cost model of demand to allow for 

changing levels of quality. Since the discrete choice model (RUM) models the decision 

among alternatives based on site characteristics, it seems well suited to closely examining 

the effect of quality in a multi-site setting. However, this gain is offset by compromising 

the ability to explain total visits per year. The first step of the RUM gives the welfare 

measure for a change in quality at any site (or combination of sites) for only one choice 

occasion, and additional steps must be taken to predict visitation over the year. One way 
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this can be done is by using a nested logit model with two steps. The first predicts 

whether the individual will undertake any activity at all, with the parallel in a health care 

setting being the decision of whether or not to seek medical care. The second equation 

gives the probability that the individual will choose a particular site. Explanatory 

variables in the first equation would include measures of availability and quality while 

the second includes measures of the costs and qualities of each available alternative. 

Application 

When designing a method to determine the demand for telemedicine, or 

alternatively, how the demand curve for health care is affected by telemedicine, it is 

important to consider the fmdings of other applicable research. In previous health care 

economics research, it has been observed that the quantity of health care consumed is 

dependent on factors including insurance coverage, quality of care, and time, among other 

things. These issues will also be likely to surface when focusing on telemedicine. Of 

particular interest are the elasticities found with regard to time-price. In rural Montana, 

one ofthe most easily imaginable effects oftelemedicine is a decrease in travel time for 

care. Findings of Acton (1976) and Coffey (1983) included inelastic responses to time

price especially with regard to private physicians. This is a starting point for comparisons 

when looking at telemedicine al}d its effects on visitation to a site as travel time is 

decreased. The fmdings ofMcNamara (1996) are also important, because they look 

beyond a single site and begin to take into consideration how the attributes of alternative 

sites within a health care system can affect visitation patterns at other sites. To truly 

understand how telemedicine impacts rural health care, this understanding is crucial. 
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Within the recreational demand literature, the travel cost model and the discrete 

choice model both have points that make them attractive tools. The travel cost model uses 

information that in cooperation with a hospital, would not be prohibitively costly to 

gather. Necessary information about the users such as where they live, insurance coverage 

and the distance to alternative care would be available. A multi-site model could be used 

if the distance to other alternative care sites is determined important. One disadvantage of 

the travel cost model is the fact that only users of the system are observed. Those who 

now choose to not seek care, or travel for a face-to-face visit instead of using 

telemedicine, are not included. Additionally, the impact of site quality is not modeled 

explicitly in the travel cost model. In that aspect, the discrete choice model is superior. 

Since the discrete choice model predicts probabilities of visitation determined specifically 

by the attributes of each site, then the behavior of consumers can be predicted in an area 

containing many sites if the attributes change (such as the addition oftelemedicine to one 

or more sites). The data needed for this type of modeling are much more extensive than 

for the travel cost model, since it is necessary to collect data from users and non-users of 

health care services, as well as information on the attributes of each site in the health 

service area. 

Since use of the discrete choice model would yield more specific information 

regarding the effects oftelemedicine on the delivery of health care in general, it would be 

the preferred choice if data collection costs were not prohibitive. It seems better suited to 

handling the· quality issue, as well as predicting the changes in visit patterns to hospitals 

within the system. 
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Chapter 4 
APPLICATION TO AVAILABLE DATA 

AND RESULTS 

This chapter focuses on the benefit estimation of telemedicine, especially private 

benefits to consumers. A more complete examination including social benefits to 

communities is certainly relevant, but not possible at this time. In this chapter, the 

adaptation of the Travel Cost model to telemedicine is detailed, data from the Eastern 

Montana Telemedicine Network described, and the empirical results presented. Given the 

available data, the most useful model is the Travel Cost model, though without 

individual observations regarding the price of services a demand curve is not estimable. 

Instead, an averted cost measure for consumers is estimated, regressions explained and 

results stated, and the similarly calculated benefit of program expansion to additional 

sites given. 

As noted, measurement of quality in health c;are has become an issue of increased 

attention, but is not really a new area. One of the first examples of studying the tradeoff 

between quantity and quality in health care was by Goldman and Grossman (1978). 

Development of a standard method of quality measurement is applicable to all types of 

health care is a complicated task, and the issues are just as complex when specifically 

targeted toward telemedicine. However, the issue of how telemedicine affects the quality 

of a rural health care facility may be one of the most important to consider when 

estimating its benefits both to a community and to society. 

One assumption that can be made is that consumers are able to judge health care 



60 

quality and make decisions of where to seek care in accordance with their observations. 

Though some health sciences researchers may doubt the ability of patients to determine 

quality of care, from an economic perspective this assumption is not far-fetched. 

Consumers make choices every day using available information as quality indicators. If 

it is observed that community members shift their patterns of health care consumption 

and begin to seek more care locally after controlling for other factors, this can be viewed 

as a perceived increase in relative quality at the local facility. Lacking other useful 

methods for measuring quality, the ideal telemedicine evaluation framework would 

observe patterns of use and from them infer consumers' perceptions of facility quality. 

This is a characteristic approach of the discrete choice model, illustrating why it is 

preferred for estimating demand when quality is important. Readily available 

information such as the type of practitioners on staff, whether on-site consults are. 

available via telemedicine or from visiting clinics, and the range of procedures available 

may all contribute to the overall perception of quality. An alternative to inferring the 

effect of varying levels quality would be to actually estimate a production function for 

quality, or incorporate one from existing literature. 

According to rural hospital administrators, physicians, and consumers, the 

following are all considered factors influencing patient behavior: established relationships 

with providers elsewhere; the lack of locally available services; or the level of practitioner 

available. This last issue becomes especially importCJ?t in Montana, where limited

service hospitals are allowed to staff a Physician Assistant (PA) or a Nurse Practitioner 

(NP), without direct supervision from a physician, as its highest level medical 
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professional. Telemedicine could potentially affect each ofthese attributes. Physician 

retention at rural facilities may be improved by the link to other physicians, also 

increasing the probability that long-term relationships will be formed with local 

practitioners. Closer relationships with urban hospitals may also improve consumer 

· perception of quality at the local facility. Depending on the scope of services previously 

available at the rural facility, one ofthemost immediate and noticeable effects of 

telemedicine implementation can be expansion of the range of services offered. 

The Travel Cost Model in Health Care 

There are useful similarities which lend the use of the travel cost model to 

telemedicine. In its application to recreational situations, the main justification for its use 

in demand modeling is a lack of variation in price paid by consumers. The same holds 

true in telemedicine and especially for mental health consultations in eastern Montana, 

and the fact that non-monetary and travel costs can be significant. The explicit price for 

use of the system is the same for each patient whether they are physically located 20 or · 

300 miles from the attending psychiatrist in Billings. It seems reasonable to imagine that 

the area under a demand curve constructed using only the money price and quantity of 

these consultations would not accurately represent the value placed on the availability of 

the service. Holding the quality of care constant for now, the value of travel cost avoided 

as a result of treatment via telemedicine would likely differ for the individuals. By 

recognizing that this travel cost is an important part of the full price of a health care vi$ it, 

a more realistic demand estimation will be reached while introducing more variation into 
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the observations. 

Single Site Model 

In the single site travel cost model described in chapter three, consumers have 

only one option available for treatment and that the decision of how often the individual 

seeks care at the remote facility is partly a function ofthe price of travel. In a simple case 

of telemedicine, it seems reasonable that, ceteris paribus, the opportunity for treatment in 

Billings through the use oftelemedicine would be more highly valued by individuals in 

Culbertson (300 miles) than those in Roundup (50 miles). In this way, the use of travel 

cost in telemedicine is slightly different than for recreational uses. For recreational 

settings, one would expect to find the highest visitation rates to recreational areas from 

consumers in zones closest to the area, correcting for other factors like income, since the 

price for them to attend would be lowest after considering travel cost. In contrast, one 

would expect to fmd the highest rates of"visitation" to telemedicine sites in areas (zones) 

that are the greatest physical distance from alternative treatment, again after correcting for 

relevant factors. 

According to Freeman's (1993) following adaptation of the travel cost model, we 

can assume that the individual consumer acts in a manner that maximizes utility subject 

to a budget constraint, where utility is a function of health care visits (V) and all other 

goods (X), as well as attributes ofthe site (Q) 

max U= U(X,V, Q) 

Subject to budgets of money and time, represented as 
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M + Pw o tw =X+ c • V 

where M is exogenous income, Pw o tw is wage rate times hours worked, X is a numeraire, 

and c • Vis the cost of a visit multiplied by number of visits and 

t* = tw + (t1 + t.)r 

where t*is total discretionary time, t1 is round-trip travel time, and t2 is time on-site. 

Although one would imagine that health care visits do not likely enter directly 

into an individual's utility function, it is represented here in that manner for simplicity. 

Alternatively, health (rather than visits) could be thought of as the good that contributes 

to utility, where health care visits are only one input in the health production function. 

This is a distinction from the representation in most health care economic literature, and 

it is helpful to remember that V is a derived demand in our case. 

The monetary cost of the trip has two parts, admission fee f, and the cost of travel 

pd•d, or distance in miles time cost per mile. The full price of a visit is thep 

Pv = C + Pw(tl + t.) ' 

= f + Pd • d + Pw(t, + t.) 

After maximizing the objective function with respect to the budget constraint, an· 

individuals demand function for visits will be yielded: 

V = V(pv, M, Q) 

and with individual observations on rates of visitation, travel costs, and variation in 

entry fees can be used to estimate the coefficient on Pr· Substitute price i~ not among the 

determinants of quantity of visits because the single site model assumes no substitute is 

available. In telemedicine it is important to realize that admission fee can be affected by 
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insurance coverage. A further determinant of visitation rate could also be Z vector 

includes individual characteristics that one could expect to influence V. Age, sex, race, 

and extensive presence of chronic illness are often included in health care. In mental 

health, a different set of variables may be of interest as directed by the mental health 

assessment literature. 

There are a number of assumptions important in the travel cost model. Some of 

these are: consumers need to react to money spent in travel cost the same way they 

would react to a change in admission price; each trip has the sole purpose of visiting the 

site; each visit entails some time spent at the site; there is no disutility from time spent in 

transit; wage rate is the relevant opportunity cost; and for the single site model, there is 

no alternative site. With the exception ofthe last condition, all of these suit the use ofthe 

travel cost model with regard to telemedicine at least as well as for its more common 

recreational application. 

Not all health care visits are created equal. It seems quite obvious that there are 

big differences between a visit to a hospital for open heart surgery and one to a family 

physician for an annual check-up. It is not the goal of this research to develop methods 

for classification and aggregation of differing intensities of health care service. One way 

to simplify the adding up of health services over individuals is to restrict the sample to a 

specific medical use, such as visits for primary care only. In the following empirical 

application, mental health visitation was used as a starting point for benefit estimation 

because of its desirable characteristics of relative homogeneity between visits, lack of 

local substitutes for psychiatric care in the relevant area, and because of the availability of 
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Application to Existing Data 

To implement demand analysis oftelemedicine using the Travel Cost Method, 

necessary data include individual observations with information regarding specific 

demographic information (age, race, sex), place of residence, income, and health 

insurance coverage. To date, it is not common practice for telemedicine programs to 

record that information for each use, and especially rare to find a situation where the 

health care entity would willing to share those data with outside researchers, especially 

since some may consider it a breach of patient confidentiality. Given this reality, the 

traditional travel cost model is not a possibility for this situation. Instead, the task is to 

use available data to estimate a value for telemedicine to its users from an averted cost 

standpoint while understanding the limitations of that estimate, and also test hypotheses 

regarding the relationship of use rate to other variables. 

Data Description 

The Eastern Montana Telemedicine Network (EMTN) keeps records of every use 

of its system, including how many people are present, where the participants are located, 

the length of the meeting, and whether the consultation was for medical, mental or other 

type of use. According to available records there were about 3000 consultations for 

mental and medical conditions (mostly psychiatric), between members of the EMTN 

from its inception 1993 and August 1998. In addition to the primary records kept for 

every use, participants in these medical and mental consults are asked to fill out a survey 

with more detailed information including home zip code, errwloyment, insurance and 
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general satisfaction information. To date, about 300 of these more detailed questionnaires 

have been completed by patients. While the smaller sample answered some of the 

questions necessary for a travel cost model, it was decided that the larger more general 

sample provided more valuable information overall. 

The largest use of the system over time has been for mental health care, 

specifically for psychiatric care. According to several authorities on mental health care in 

Montana, there are no psychiatrists practicing in the area of the EM1N, except in 

Billings. Every county east and north of Billings has been identified as a HPSA (health 

provider shortage area) for mental health. A few northeastern Montana health care 

centers have occasional clinics for psychiatrists from North Dakota, but besides 

telemedicine, there are few treatment alternatives for psychiatric patients other than 

travel to Billings. 

Averted Cost Estimates and Limitations 

Due of the lack of available substitutes for psychiatric care in eastern Montana, 

one measure of the benefit to consumers that can be estimated is an "averted cost" 

attributable to the presence oftelemedicine. This is the cost that the patient does not incur 

since treatment is available at a more local facility, and travel to Billings for treatment is 

no longer necessary. There are four parts to the averted cost measure: miles traveled, 

mileage payment, travel time, and opportunity cost. The total opportunity cost of time 

spent traveling was added to the estimate of mileage cost for travel. Opportunity cost was 

assumed to be wages lost, and was based on an average wage rate for Montana (Montana 
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Dept. ofLabor Statistics, 1998). Time traveled was calculated as round-trip miles divided 

by sixty, to allow for different weather and road conditions. Mileage cost was calculated 

as thirty cents per mile. One person, presumably the patient, was assumed to bear the cost 

of this travel. See table 1 for results. 

Obvious limitations exist in this general approach. Only single person, single 

purpose trips are allowed. Without knowing individual patient information, it is not 

possible to know whether the average wage used is a systematic over or ~derestimation 

of opportunity cost. However, the most serious economic problem of taking these figures 

at face value lies in the assumption that this approach assumes no price response. While 

we observe the number of mental health visits at the lower price, without telemedicine the 

implicit price would be higher and a normal demand response would predict at that 

higher price (without telemedicine) fewer mental health visits would be sought. One 

should be careful to realize that this benefit figure is not necessarily equivalent to 

consumer surplus. In figure 1, the number oftelemedicine uses for mental health at a 

single site has been observed, and is represented as Q1• The price P0 was the price of a 

mental health visit before telemedicine, P1 is the price after. The difference P0 - P1 is then 

travel cost per visit from site A to Billings. Averted cost estimates for each site would be 

represented by area P0CDP1. The change in consumer benefits, or consumer surplus, due 

to a decrease in price of a telemedicine visit is overestimated by the triangle BCD. While 

the comer point E could potentially be estimated from mental health assessment 

information; no other information to identify another point on the demand curve can be 

determined from the existing data. Point B would be a figure representing the number of 
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mental health visits prior to telemedicine implementation, and D would be the real price 

to the consumer of a visit after consideration of insurance coverage. Even without 

insurance information to reveal the exact position of point D, if the admission cost were 

assumed to be zero and point B (quantity of visits without telemedicine) were also known 

at least we would have an idea about the response of consumers to the reduced travel 

cost. It is widely accepted that insurance coverage is critical in determining the price of 

a medical visit. Ceteris paribus, individuals whose insurance plans pay for a larger 

percentage of a uniformly priced mental health visit will consume more of the product. 

Without that information, or any elasticities of demand for mental health care, the size of 

the inaccuracy is unknown. 

Regressions and Results 

As with any good, the number of uses of telernedicine for mental health 

consultations at any one site likely depends on a number of other things in addition to 

distance from Billings, such as the population of the drawing area, possibly some 

correlation with income, the level of establishment of the telemedicine program (length of 

. service), and number of clients with psychiatric treatment needs. This could be written 

QTM =/(Distance, Population, Income, Z) 

Where QTM is a number of mental health consults at the site, Distance is a proxy for travel 

cost to Billings, Population accounts for the drawing area of the site, and Z represents the 

likely occurrence of a mentally ill person living in that particular area, along with the 

level of establishment of the program. Price of the telemedicine consultation is not 
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included because the service is offered at no charge to patients. One factor affecting price 

could be the willingness of the client's insurance company to reimburse the teleniedicine 

consult, but since insurance information for each client is not available, an initial 

assumption is made that the reimbursement schedules for face-to-face vs. telemedicine 

consults do not differ for each individual. 

One of the assumptions of the averted cost measurements made in the ·prece'ding 

section is that travel cost is a relevant part of the price of a good. If distance to alternative 

care indeed matters in determining the extent of telemedicine use at a site, as is asserted 

by using travel as part of price with a downward sloping demand curve, one would expect 

to observe a relatively higher rate of participation at sites a greater distance from 

Billings. Or, the sign on DISTANCE when regressed on population adjusted site visits is 

expected to be positive. 

USE RATE. To test whether the expected response of greater relative use of 

telemedicine as distance to Billings increased was observed to be the case in Eastern 

Montana, a number of factors were taken into consideration. The raw number of visits to 

a site would have been a poor indicator of use rate, even if broken into annual increments, 

since the population served by each site varies widely. Additionally, according to mental 

health assessment research (Ciarlo, 1992) different demographics within a population 

may signal varying levels of need for mental health services. A variable called USE 

RATE was created for each site incorporating this information, using additional data 

sources. 
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USE RATE = -----'-'#--lo.;.t.f...Llm~e~n!:.!:.!ta~Z:...!..h~e~alllt!.!:.h...!<c~o!..!:!ns~u~Zt!:;!.s __ _ 
service area population* (SIM/1000) 

The number of mental health consults at each site was provided in the Eastern Montana 

Telemedicine Network data. Service area population is used in the denominator since it is 

not unusual for a hospital to serve more than one county in eastern Montana, and is used 

as an alternative to population of the hospital's primary county. To find this piece of 

information, hospital administrators and staff were interviewed and asked to define the 

service area of their hospital including approximate population and counties covered. The 

Social Indicator Model (SIM) is a statistic used in mental health assessment to predict the 

prevalence of mental illness by county (Ciarlo, 1992). It integrates three main pieces of 

available county level census data: percent of residents in poverty, percent divorced 

males, and percent classified as rural residents. In an economic framework, these factors 

seem to correspond well with the previously mentioned z vector. The higher the SIM 

statistic, the higher the expected proportion of a county's residents will have some mental 

illness or dysfunction. It is originally reported as rate of individuals per thousand, and 

divided by 1000 here to leave a percentage. For sites with service areas covering more 

than one county, a weighted average of the county data was used. When the SIMI I 000 is 

multiplied by service area population, an adjusted population is left in the denominator. 

Dividing the number of consults by this adjusted population yields the USE RATE. 

Observations at different sites can now be more easily compared since differences in 

population, income, and other underlying factors have been factored in. 

Each observation represents one year of operation at each site. In total there are 33 
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annual observations from the seven sites. Tables 2 and 3 show an overview of the sites 

involved, and summary statistics, respectively. The original EM1N sites have been in 

operation since 1993 (nearly six years), and the newest additions were added in 1996. 

1998 data were available only through the end of August, so annual totals were projected 

by multiplying the existing observations by 1.5. The projection method was tested with 

data on previous years to ensure there was no systematic enor due to seasonal changes in 

psychiatric services. None was observed, which is consi"stent with the observation that the 

most common uses oftelemedicine for mental health patients are on a monthly, bi

monthly, or weekly schedule. 

YEAR. It is widely accepted that emerging technologies may follow a pattern of 

adoption that largely determines the flow ofbenefits as a result of that technology. 

Alston, Norton and Pardey (1996) made reference to this phenomenon in regard to 

agricultural research and development, but the same can be said for other technologies, 

including telemedicine. One way to model this and isolate the effects o(lts;;hange in use 

rate due to the program becoming more well established is to add the explanatory variable 

YEAR to the right hand side of the equation, indicating whether the site had been in 

operation for one or six years. It has been noted that during the initial years of 

implementation, use rates increase partly due to expanding numbers of participating 

practitioners and better information and training. It seems reasonable to believe that 

mental health practitioners in a remote area would feel more comfortable recommending 

telemedicine consultation a few years into the project, after seeing successful applications 

of the technology. Recognizing this, it seems important to also conect for the number of 
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years a site has been participating in the mental health program. For this reason, oUSE 

RATE/o YEAR is expected to be greater than zero. 

Specification. As mentioned, the number of years a program has been in 

operation is denoted as YEAR, while DISTANCE was measured as the estimated time in 

hours of a round-trip drive from the site to Billings and back. To allow for some non-

lmear interaction in YEAR and DISTANCE, and also interaction between them a few new 

variables were created. They are : 

DISTSQ= DISTANCE*DISTANCE 

YEARSQ= YEAR *YEAR 

The equation to explain USE RATE as a function of program year and distance to 

Billings was originally specified 

USE RATE =f30 +f31 DISTANCE +f32 DISTSQ + /33 YEAR +f34 YEARSQ + E (4.1) 

also referred to as the unrestricted model. Initial coefficient estimations are reported in 

table 4. While DISTANCE and YEAR seemed justifiable in the model, it was suspected 

that the other variables might not belong in the equation. Inclusion of unnecessary 

variables (overspecification) can result in a loss ofefficiency, so F-tests were performed 

to test the joint significance of a number of coefficients. Pindyck and Rubinfeld (1998) 

state the form for the F -test as 

(ESS R - ESS UJ/_g_ ~ Fq,n-k 

ESSu/(N-k) 

where ESS R and ESS UR are error sums of squares for the restricted and unrestricted 

models, respectively; q is the number of restrictions; N is sample size; and k is the 
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number of right hand side variables in the unrestricted model. 

To test the null hypothesis H0: P2 = P4 = 0, the restricted model 

USE RATE ={30 +{31 DISTANCE+ {33 YEAR+ E (4.2) . . 

was also estimated. Results are in table 6. Applying the necessary information to the F-

statistic equation yielded a test statistic of 7.58. Since this was greater than the 

corresponding critical value from the 5 percent F-distribution table, the null hypothesis 

was rejected. 

After observing the low t-statistics for YEARSQ on the results of the unrestricted 

estimation, it was suspected that while some additional information is supplied by the 

addition ofDISTSQ and YEARSQ to the model, perhaps most of it is within DISTSQ. A 

second F-test was performed, this time with the null hypothesis H0 : P4 = 0. Results of the 

third specification 

USE RATE= 130 +B1 DISTANCE +{32 DISTSQ + {33 YEAR + E (4.3) 

are reported in table 6. The F-test statistic when this restricted model was .77, less than 

the corresponding critical value from the 5 percent F-distribution table, signaling to not 

reject the null hypothesis. 

While the specification seemed well justified and all right hand side variables 

were significant at the 5 percent t- level, not all coefficients had the expected sign over 

the entire range of values. The coefficient on YEAR was positive, indicating a positive 

relationship between length of program and relative use. In addition, there was also a 

positive relationship between DISTANCE and USE rate at the sample mean for distance 

(7 .4 3 hours), since the sign on 
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oUSE RATE/oDISTANCE = B1 +2B2 (DISTANCE) (4.4) 

was positive for any value of DISTANCE greater than 6.4 hours. However, using the 

above specification, the sign on distance is negative whenever round-trip travel time is 

less than 6.4 hours (or for three of the sites). We are left with the difficulty of reconciling 

why distance from Billings might have the than opposite than expected effect, or an 

observation of decrease in USE RATE as distance increases, on communities in this 

range. 

There are a few plausible explanations for this result. First, perhaps mental health 

consultations via telemedicine are not perfect substitutes for face-to-face visits in many 

respects. It could vety well be that individuals prefer face to face visits, but are willing to 

trade the savings of averted travel expense in return for slightly lower quality provided by 

telemedicine. In general, patients who live closer to Billings will then be more likely to 

choose in person treatment, and travel to Billings, than would their counterparts living 

great distances from Billings. While this does not necessarily explain why any portion of 

the function would be downward sloping, it does point out that we might not expect it to 

begin increasing until after some critical distance from Billings was reached. A second 

alternative steers us away from the quality tradeoff, which is not really testable by 

available data. It is important to remember that when employing a quadratic form on one 

or more variables, it is normal to expect some portion of the resulting function to be 

decreasing, and the remainder increasing. Considering the small sample size, our fmding 

that at any site less than 6.4 round trip hours from Billings showed a negative relationship 

between distance and use rate could very likely be a result of the choice of functional 
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form as opposed to an indication of cost /quality tradeoffs. 

Additional Variables. Further variables were individually added to the model to 

try and account for other factors that may be at work. One of these was annual farm 

receipts, since. agriculture is a main contributor to the eastern Montana economy. Another 

was the dummy variable for whether other psychiatric options were locally available on 

an occasional basis. Finally, service area population was used as a proxy for the size and 

· quality of the area hospital. It was suspected that the larger hospitals may attract more 

mental health activity since there programs may be more well-established and the 

medical services have a reputation for quality. Another approach employed a dummy 

variable for each community to account for varying effects of distance and year for each 

community. When t-tests were performed, none of these were found to be significant at 

the 5 percent level. 

Elasticities 

Elasticity is a unitless measure representing the responsiveness of one variable to 

changes in another, for example the responsiveness ofUSE RATE with regard to YEAR 

can be written 

%change in USE RATE 
% change in YEAR 

Here, the responsiveness of use rate to a change in year, holding the distance constant, 

was found to be 1.097 at the mean ofboth YEAR and USE RATE. This is a fairly elastic 

response, and indicates that as the life of a program increases 10% from the mean 3. 03 
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years, we would expect the USE RATE to increase by slightly more, or 10.97% holding 

all other factors constant. 

Of course, the same relationship can be made with distance as a proxy for time. 

In equation 4.3, relationships are made between the dependent variable and each 

independent variable. The elasticity changes at every point along the line that represents 

this relationship. Elasticity at any point on the USE RATE- DISTANCE relationship 

can be found by substituting the appropriate values into the equation 

oUSERATE 
o DISTANCE 

DISTANCE 
USE RATE 

at the mean of both distance (or time) and use rate, this is computed to be 1.13. Or, if 

distance changes 10%, we could expect the use rate at that site to change by 11.3%. By 

this estimation, the response ofUSE RATE to changes in distance to alternative ciue is 

again fairly elastic. Though Coffey (1983) and Acton (1976) both found the response of 

quantity of care sought to time price in medical care to be inelastic, there are many 

differences in the available data which limits direct comparison of these studies. 

Extrapolation of Results 
to Additional Sites 

The next step was to estimate the benefits to consumers, in the same 'averted 

cost' manner as previously demonstrated, of adding new sites to the existing Eastern 

Montana Telemedicine Network First the service areas of existing sites were mapped 

out, and the areas without current coverage identified. Since these areas lie outside 

currently recognized service areas and service areas are presumably developed from 
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observing the use patterns of patients, it is assumed that there are either no individuals 

seeking mental health care in these areas, or that they travel to a remote site such as 

Billings for care. One hospital (usually the only one) in each of the four areas was chosen 

as a prospective site for telemedicine, and the averted cost estimated from available data. 

The four hospitals used for estimation were Malta, Jordan, Roundup, and Plentywood. 

Limitations 

Using distance to available care and the regression coefficients from the previous 

section for a given year, USE RATES were calculated for each site. USE RATE is 

multiplied by adjusted population, yielding an estimate for nu,mber of uses in a given 

year. This total is then multiplied by the per trip cost of travel to Billings, as defmed 

previously, to get a total amount for averted cost for each trip. Table 7 shows the results 

of visits and total averted costs when Billings is the identified as the alternative. 

·Estimates were made for the program years 3, 4, and 5, but care should be taken 

in using the year coefficient to predict use rates too far into the future. Why not predict 

the benefit estimate for a program in year 1 0? While the linear progression used here fits 

the currently available data well, it seems unlikely that this constant expansion over time 

will continue indefinitely. As more years of data come available, the data can be tested 

for other possible patterns. 

Under the conditions that were used to choose the new or potential sites, there is 

currently no problem with adding the benefits of the old and new sites. Since it was 

assumed that new site areas do not currently contain patients that receive treatment at an 
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existing site. If this were not the case and the drawing area of a new site included current 

users of an existing site, it would be important to subtract the benefits of additional 

averted cost from the existing site before adding them to another to avoid double

counting. 

Data Needs 

With cunently available data, the options for benefit estimation are limited. 

Without individual observations on income, insurance information, and the consumer's 

address, there is still no variability in the price of a mental health use of telemedicine at 

each site, and no estimation of a demand curve can be made. The type of data collected 

depends on the model employed to estimate demand. The two discussed earlier were the 

travel cost and discrete choice models. 

A travel cost method approach requires a considerably less intensive data 

collection effort, since users of the system are a well-defmed group, and with cooperation 

ofthe facility most of the necessary information is available. Necessary information 

includes place of residence, an income measure, insurance coverage, and personal 

information such as age, sex, ethnicity, and presence of chronic illness. To measure the 

additional consumer surplus as a result oftelemedicine implementation, there needs to be 

an observation of the number of mental health visits with the addition of telemedicine, 

but also a method for determining the number of mental health visits sought if no 

telemedicine were available. 

With a discrete choice model, the sample population expands beyond the users of 
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the a telemedicine system. A household production survey including both users and non-

users ofmedical facilities would be necessary, including information regarding the 

characteristics ofhousehold members, as well as their use of health care services over a 

given period of time. There has been discussion in the literature regarding the h~:msehold 

or individual should be recognized as the unit of observation. While at first it seems the 

individual would be a logical choice, the nature of the health care decision has caused 

many researchers to choose differently. See Gertler and Vander Gaag (1990) and 

McNamara (1996) for examples. Very often the choice ofhealth care provider for one 

family member is not completely independent from the choices of other family members. 

A second part of the survey would include gathering information regarding 

attributes of area health care facilities. Important attributes to observe include any signal 

that could be translated as an indicator of quality. Some of these may include: bed size, 

type of facility (such as limited service vs. full service hospital), number ofboard

certified physicians as well as other staff including mid:.level practitioners and staff, 

range of services offered, and whether telemedicine technologies are used. 
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ChapterS 
SUMMARY 

Changes in available technologies, health care financing, and demographics have 

prompted rural areas to become increasingly involved in the provision ofhealth care via 

telemedicine. The rapid expansion of telemedicine use, particularly interactive video, as 

well as accompanying government funding at both state and federal levels has prompted 

interest in the valuation of benefits that stem from telemedicine implementation. There 

are at least three groups to which benefits could perceivably accrue; individuals, 

communities, and health care facilities. Recognizing this, the main objective of this thesis 

was to identify the key issues for evaluating the benefits oftelemedicine systems and 

recommend a method for gathering and analyzing data. A secondary objective was to 

identify and to a limited extent, quantify determinants of telemedicine system usage rates. 

Each of the previous chapters was written with the intent of fulfilling these purposes. 

The introductory chapter presented the underlying factors thought to have 

contributed to the recent growth oftelemedicine use in rural areas. Motivation is 

provided for economic research expressly intended for capturing the benefits of 

telemedicine, mainly that the potential impact oftelemedicine on health care delivery is 

substantial, and that government funding of telemedicine systems has so far commenced 

without knowing the benefits resulting from those monetary outlays. 

Chapter two is designed to provide the reader with an overview of telemedicine 

history, delivery methods, government involvement, and evaluation efforts found in the 

telemedicine literature. Funding methods currently employed include development of 
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necessary infrastructure, grants for program start-up and continuation, and subsidy for 

long-distance service. To date, benefit-cost analysis found in the telemedicine literature 

has limited its scope to the direct effects implementation had on selected aspects of a 

health care facility's fmancial health. Additional work in the telemedicine literature 

discusses different manners of evaluation such as determining the clinical effectiveness of 

procedures performed using telemedicine, an important issue when looking at the overall 

impact of telemedicine when quality is considered. 

In chapter three, the foundations of cost benefit analysis are laid out and relevant 

economic literature presented. Two alternative methods for estimating the benefits of 

telemedicine are presented. Both the travel cost method and discrete choice models are 

commonly used in recreational economics literature, and similarities exist for application 

to telemedicine particularly in the allowance for varying levels of quality in site choice. 

In addition to describing these techniques and discussing the type of data necessary to 

perform each, references are made to selected economic articles offering insight for 

health care. 

After describing how the travel cost method would be used with regard to 

telemedicine, chapter four describes the data available, the calculation and limitation of 

the averted cost measure, and details of regression specification and results. 

Effects of Findings 

Since there are currently no benefit-cost procedures used to determine whether 

and where public monies for telemedicine should be spent, this thesis offers insight as to 
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how the necessary information may begin to be gathered and analyzed. The type of 

analysis done depends greatly upon the interested party. Several distinct groups with 

varying information needs come to mind, including individual health care facilities, firms 

interested in marketing telemedicine equipment or services, and bodies responsible for 

decisions regarding public funding of telemedicine. An individual facility making the 

decision of whether to implement telemedicine m~y have little interest in the change in 

consumer surplus that will be a result of its action. Similarly, on the supply side, a firm 

specializing in the sale of telemedicine services is likely not interested in maximizing 

social welfare so niuch as it is in providing information to the facility that may enhance 

the likelihood of a sale. Even though the scope of these parties is limited, the findings of 

this thesis and future research recommended by it apply. Initially, we know distance 

matters in determining the use of certain medical procedures, as does the level of program 

establishment. By carefully planning data collection efforts, we can begin to form a better 

idea how each of these things, along with other variables, affect use rates of telemedicine 

and the behavior of consumers. 

Alternatively, tackling the federal government's question of whether to spend 

another dollar in a particular state on telemedicine or for a new highway is a more in

depth question, but one that is well worth asking. Only by comparing the properly 

estimated net benefit of each alternative can the best policy option be chosen. Still, some 

of the same fmdings will be important, such as the recognition that individuals will use 

telemedicine· more ifthey are further from another alternative. Additionally, policy 

makers should be interested in many more issues. How does telemedicine impact use 
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patterns of consumers in a given health care service area? With that in mind, how does 

the presence oftelemedicine affect the bottom line of rural hospitals? And further, what is 

the value to rural communities, if any, ofkeeping remote rural hospitals open? 

Areas for Further Research 

There are a great number of research opportunities in telemedicine. Along with 

the clinical tests are chances for economic research that goes beyond fmancial 

justification to understanding how telemedicine affects the way services are provided and 

individual decisions are made in health care. 

On one end of the scale, it is important to realize that telemedicine is much more 

than interactive video, and that different applications may be appropriate for different 

situations. A careful investigation of the benefits of different types of technology could be 

useful for rural hospitals investigating the acquisition of new equipment. A much larger 

project, with more widespread applicability to a number of parties is the determination of 

how telemedicine affects the tradeoff between quality and access in health care. 

Somewhere between these two lies the next probable step in ongoing research: fmding 

out how telemedicine affects usage patterns within a health care system in rural areas, and 

using that information to detennine the value of adding or removing sites. From that 

foundation a better understanding of telemedicine can be gained and built upon. 
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Table 1: Averted costs by site and program year 

1 2 3 4 5 6 

Baker $617 $418 $268* -- -- --

Colstrip $1,866 $2,305 $4,611 $5,160* -- --

Culbertson $2,004 $6,299 $11,453 $11,739 $7,730* --

Glasgow $15,274 $28,257 $26,729* -- -- --

Glendive $1,015 $6,093 $21,125 $32,500 $43,266 $42,657* 

Miles City $805 $1,208 $12,619 $35,307 $45,108 $51,283* 

Sidney $247 $3,458 $7,658 $49,198 $53,115 $34,092* 

* denotes projected benefits from partial 1998 records 

Table 2: An overview of telemedicine sites 

consults per year 

years m service avg std mm max 
operation area dev 

population 

Baker 3 7500 3 .81 2 4 

Colstrip 4 4000 22 14 17 50 

Culbertson 5 1500 23 12 7 41 

Glasgow 3 9000 46 23 60 111 

Glendive 6 16000 120 83 5 213 

Miles City 6 20000 182 152 6 382 

Sidney 6 12000 97 86 1 215 
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I Table 3: summary statistics I 
mean std. dev. min max 

USE RATE .375033 .293508 .003705 .978754 

DISTANCE 7.43 2.18 4 10.4 

YEAR 3.03 1.58 1 6 

I Table 4: OLS estimates of eguation 4.1 I 
variable coefficient t-stat 

(standard error) 

INTERCEPT .735779 1.714 
(.42926) 

DISTANCE -.341127** -3.072 
(.11103) 

DISTSQ .027865**. 3.647 
(.007639) 

YEAR .247694* 2.294 
(.10797) 

YEARSQ -.010895 -.892 
(.012218) 

DY -.005354 -.602 
(.0089) 

Error Sum of Squares: .7495 n=33 

* Significant at 5 percent level ** Significant at 1 percent level 
note: USE RATE is the dependent variable. 
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I Table 5: OLS estimates of eguation 4.2 I 
variable coefficient t-stat 

(standard error) 

INTERCEPT -.31761* -2.273 
(.1397) 

DISTANCE .03929* 2.491 
(.01577) 

YEAR .13218** 6.093 
(.02169) 

Error Sum of S_g_uares: 1.171 n=33 

* Significant at 5 percent level ** Significant at 1 percent level 
note: USE RATE is the dependent variable. 

I Table 6: OLS estimates of eguation 4.3 I 
variable coefficient t-stat 

(standard error) 

INTERCEPT .96842* 2.713 
(.35697) 

DISTANCE -.36442** -3.413 
(.10678) 

DIST ANCE*DIST ANCE .02839** 3.89 
(.00745) 

YEAR .13587** 7.532 
(.01803) 

Error Sum of Squares: .78047 n=33 

* Significant at 5 percent level ** Significant at 1 percent level 
note: USE ·RATE is the dependent variable. 
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Table 7: Additional site estimations - Billings as relevant alternative 

Site Distance to Billings Year3 Year 5 

averted costs averted costs 

Jordan 195 miles $604 $1,450. 

Malta 210 miles $4,419 $10,183 

Plentywood 350 miles $41,870 $53,696 

Roundup 50 miles $4,512 $5,910 

' j. 
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Figure 1 
Averted Costs Measurement 
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APPENDIX 
Welfare analysis 

Halvorsen and Ruby ( 1981) discuss the derivation of criteria for evaluating 

policies according to the economic theory of social-welfare maximization. The following 

outlines their justification of cost-benefit analysis, and illustrates the consistency of the 

potential Pareto condition with that of social welfare maximization. 

One possible goal of policy enactment is maximization of total social welfare, and 

is assumed to be the objective in the following illustration. Other possibilities exist, 

including equalization of welfare among parties, or the maximization of the well-being of 

a particular group. For our purposes, social welfare is a function of the individual utilities 

of its members, or groups of individuals. This can be expressed mathematically as 

W = W(U1, U2, .•• , UJ (A.1) 

where W is social welfare and ~·is the well-being of individual}. The relationship 

between social welfare and changes in the utility of the individual can be expressed as the 

total differential of equation A.1. Assuming that the second order terms are negligible, 

this total differential can be written as 

dW = oW dU + oW dU oW dU 
oU e oU 8 + ... + oU rp 

e e rp 

(A.2) 

Here the oWl oU term signifies the impact of a change in utility for one group as it 

affects the well-being of society overall. For example, imagine there are two groups in 
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society: Rich and Poor. If they are weighted equally (oW/oUR= .5, oW/oUP = .5) in their 

contribution to social welfare, then an increase of welfare of 4 utiles for the Rich which at 

the same time increases the welfare of the Poor by 3 utiles would yield a total change of 

3.5 society-wide. Alternate weighting schemes will yield varying changes in societal 

welfare, even while maintaining the same changes in utility for the groups. 

The theory of economic welfare assumes that for any increase in the utility of an 

individual, the welfare of society is also increased, or (oWl oUj >0) for all j. It can then be 

noted that any policy resulting in an increase in utility for one individual, which at the 

same time does not decrease the utility of another individual, will increase social welfare. 

This is the basis for the previously mentioned Pareto optimality, and that economic 

efficiency is only attained if it is impossible to make one person better off without 

making another worse off. 

Economic-Efficiency Criterion 

Economic efficiency requires that all changes that can be made to maximize 

social welfare have been undertaken. The utility-possibility frontier illustrates the 

collection of points that show the maximum utility achievable with alternative production 

and distribution arrangements. However, as a basis for benefit-cost analysis, economic 

efficiency does not fulfill the requirements necessary to make it a useful standard for two 

reasons. First, while it is a necessary condition for social-welfare maximization, it is not 

sufficient because it provides no basis for choosing between different options. In figure 

3.1, all points along the utility-possibility frontier are equally desirable according the 
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economic efficiency criterion. Secondly, no policy that results in a loss to any individual 

can be evaluated. 

Social-Welfare Criterion 

The social-welfare criterion is useful over the economic-efficiency standard 

because it allows for possibility of policies that may result in losses to some individuals, 

yet conclude with a gain to society on the whole. Figure 3.2 shows the basis for decision 

between equally efficient outcomes. Society's preferences concerning distribution of 

utility among its members are represented by U0, U 1, U2, so the most desirable outcome is 

the efficient allocation that allows the fulfillment ofthe greatest level utility. While this 

approach seems complete, it requires much more information regarding the individual, 

and social weights, as well as interpersonally comparable utility functions. So while the 

advantages of the social-welfare criterion over economic-efficiency include its ability to 

rank options that each lie on the edge of the Utility-Possibility Frontier, the information 

necessary to make this distinction (the marginal social significance of each individual, 

along with individual utility functions) makes its implementation quite difficult. 

Economic Welfare Criterion 

The two previously presented criteria each have serious downfalls. Economic 

efficiency is not in-depth enough to be useful, while the social welfare criterion is so 

involved as to make it impractical. One way to reduce the information necessary is to 

defme the social welfare function only so as to only consider the effects of a policy on 

production and distribution of goods and services, and by assuming utility is determined 
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by consumption of goods and services. This mathematical representation follows 

Halvorsen and Ruby (1982). Ifwe assume individual and therefore social utility is 

dependent upon consumption of goods and services, equation A.l can be rewritten as 

where W is economic welfare and.J0k is individualj's consumption of good k. Equation 

A.2 then becomes 

dW = oW oUI dX + ... 
ou

1 
oX

11 
11 

ow oun dX 
oU oX nm 

n nm 

(A.4) 

or 

dW = J: E ow o~. ~k (A.5J 
j =I k=I o~ oySk 

Where d.J0k is the change in individualj's consumption of.good k and oU!o.J0k is 

the marginal value of good k to individualj. A policy will be considered to satisfy the 

economic-welfare criterion if the value of dW as calculated from equation A.5 is greater 

than zero. While the format of this criterion is favored over previously mentioned 

methods because its generalized form requires a more manageable amount of 

information, it is still undesirable in that it requires interpersonally comparable utility 

measures and measures of marginal social significance. A more practically applicable 

measure consistent with the preceding theoretical foundations is found in potential-

compensation. 
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Potential-Compensation Criteria 

The commonly accepted criterion for cost-benefit analysis, potential-

compensation requires that " ... the gainers from a policy could more than compensate the 

losers if the policy were adopted" (Kaldor, 1939Y. In order to meet the potential-

compensation criteria, the dollar value of the sum of all effects of a policy to gainers and 

losers must be greater than zero. The sum of this gain or loss to all individuals can be 

written as 

where Pk is the price of good k and ~k is the change in individualj's consumption of 

good k as a result of the policy. 

Comparison 

It can be shown mathematically that the potential-compensation and economic 

welfare criteria are consistent under certain conditions: The economic-welfare criterion as 

shown in equation A.5 requires that a po.licy be evaluated according to the net change in 

total social welfare after all individuals have been accounted for. If all consumers 

maximize utility subject to a budget constraint, by the first order conditions 

0~ = 0~ p 

bJSk o~ k 
(A. B) 

where (o ~loY) is the marginal utility of income to individualj. Then after substitution, 

1 A similar criteria was suggested by Hicks ( 193 9), for a good discussion of the 
distinctions between the two see Halvorsen.andRuby (1982). 
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equation A.7 can be written as 

dW = I; L oW o~. p dX. 
1 k au. oY. k ;k 

J J 

Equations A.6 and A.8 differ in the term 

ow o~. 

0~. 0~. 
(A.JO) 

(A.9) 

which is equivalent to ( o W!oY) or the marginal contribution of individualj's income to 

social welfare, or the marginal social utility of individual j 's income. 

However, this marginal social utility of income may not necessarily be viewed as 

equal over all individuals. There is reason to believe in most societies there are perceived 

to be differing rates of marginal social utility among individuals, as evidenced by the 

existence of graduated income tax brackets and wealth transfer programs. There is a 

perception that one additional dollar is not equally valuable to an individual whose yearly 

income is $100,000 and another whose income is $10,000, or that (a WloJj) is not the 

same for both. 

To help simplify the later step of quantifying distributional effects, marginal 

social utilities of income between individuals can be normalized and rewritten as 

oW! or. 
J j =1, ... , n (A.ll) 
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After __ normalization, equation A.9 can be written as 

(A.I2) 

and after algebraic manipulation ( C0 = [ C0 +I - I]) the right hand side of A.12 is rewritten 

(A.I3) 

which is equivalent to the sum of the policy's effect according to the potential 

compensation criteria 

I: I: 
j k pk ~k (A.14) 

plus some representation of distributional effects 

ff (C)· -1) pk~'k (A.I5) 

So if a= 1 because the marginal social significance of different individuals or 

groups is equal, the distributional effects in equation A.l5 will be zero. 

The previous illustration has shown that under certain conditions the evaluation 

and ranking of policy alternatives under the potential-compensation criteria is consistent 

with that of the economic-welfare criterion. It is also noted, however that income or 

benefit distribution may play a significant role in the analysis. 
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Issues for consideration 

In application ofbenefit.:cost analysis, the following areas are commonly 

recognized in the literature as areas of further consideration: aggregation over individuals, 

the treatment of benefits and costs that accrue over time, and considerations for 

uncertainty. In the next section alternative methods suggested for dealing with these 

issues will be presented, and suggestions made for helpful resources. · 

Aggregation over groups 

As noted previously, the distributional effects of a policy may be significant in its 

evaluation since benefits and costs generally accrue to different people. Equation 3.15 

represents distributional effects, which in the case of telemedicine may be incurred by 

stakeholders or groups of interest including patients, providers, and taxpayers. It is also 

important to recognize that depending on the policy at hand, groups may have differing 

rates of marginal social significance, which adds to the difficulty of aggregation. 

According to Halvorsen and Ruby (1981), there are three ways to manage distributional . 

considerations; ignoring them, providing information on the effects of a policy but not 

trying to explicitly aggregate them, and using aggregation methods that employ available 

information. 

The approach of ignoring the distribution of costs and benefits is equivalent to 

using a potential Pareto criterion for evaluation, and is the most common method. This 

simplifies analysis considerably, but has its disadvantages. As shown in the previous 

section, this asserts that the marginal social utility of income is equal for all individuals. 
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Additionally, since costless redistribution is not a reality, the potential-compensation 

criterion does not even necessarily increase potential economic welfare. Given these 

obvious downfalls of ignoring distributional effects altogether, methods have been 

developed to help take into accourit some considerations for the aggregation over 

individuals. 

Willig and Bailey (1981) suggest a practical method of comparing alternative 

policies without explicit distributional weights, instead using what they assert to be 

commonly accepted assumptions regarding marginal social utility of income. These 

assumptions include that it is greater than zero for all individuals, and decreases as 

income increases. Willig and Bailey propose that policy A "social welfare dominates" 

policy B if the net benefits to a specified number of the lowest income individuals is 

greater under policy A than in policy B. This would in principle rule out policy that 

increases social welfare by making the rich richer at the expense of the poor. The 

advantage of this approach is that it is not necessary to determine actual marginal social 

utility of income for individuals, but that lack of information is also reflected in the 

limited scope of its application. Only a partial ordering of policies is obtainable, and the 

results may not be consistent with other methods, such as those achieved using the 

economic-welfare criterion. Perhaps most importantly, this approach is not consistent 

with policy behavior observed in the real world. Even if a project, such as a highway, has 

minimal net benefits to the lowest income sector it may still be built on its merits to other 

groups. 

The issue of aggregation on the examination oftelemedicine comes into play 
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because from observations of rural outreach telemedicine programs, the benefits accrue 

primarily to the patient in the form of more readily available specialty consultations and 

reduced travel time. On the other hand, these consumers are not initially responsible for 

additional costs that may result from telemedicine use. One change in rural health care 

that may be brought about as a result of a shift into telemedicine includes the increased 

marginal cost of providing an office visit. Factors that could add to this are increased time 

on the part of the consulting physician since set-up and transition time can be significant, 

and if two clinicians are involved, the added burden of coordinating their individual 

schedules. These costs are borne by the practitioners and their organizations, and unless 

the benefits to them outweigh the outlays they make when participating in telemedicine 

consultations, their continued support is unlikely. In light of this, while the total social 

benefit oftelemedicine implementation may potentially be greater than the social costs 

involved, the incentive for physicians may be such that they largely forego involvement 

in telemedicine altogether. Any policy or evaluation oftelemedicine must take into 

consideration the effects of disparate distribution of costs and benefits between different 

parties including patients, physicians and taxpayers. 

Aggregation over time 

The value of a dollar today is greater than the value of a dollar guaranteed to be 

received in five years. Part of the difference is in the opportunity cost oflost earning 

power that could have been achieved if the dollar had been invested and earning interest 

for five years, along with a premium for uncertainty that increases as the payment date 
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extends into the future. . In the same manner, costs and benefits over time must be 

standardized in order to be compared meaningfully. The measure of net present value 

discounts all future costs and benefits so they can be compared in the same period, and is 

the appropriate decision rule to use for cost-benefit analysis. It is consistent with utility 

maximization over time and provides a theoretic~lly correct basis for evaluation of 

alternative investments (Halvorsen and Ruby, 1981). 

One of the key aspects of determining net present value is the choice of the 

discount rate. Take for example, two similar policies: policy A consists of outlays of $1 

million today in return for benefits equivalent to $5 million next year, and policy B also 

requires $1 million in costs today, but benefits will be $5 million in two years. By 

ranking the alternatives according to their highest net present value, and using the same 

discount rate, policy A would clearly be favored. The decision becomes less clear when 

the costs and benefits of alternatives differ greatly, such as a choice between policy A and 

a policy C which features the same costs but returns $'6 million in year two. The decision 

may then rest largely on the rate at which the future benefits or costs are discounted back 

to their present value. In the case of policy A vs. C, the threshold rate is .20; for any 

higher discount rate the net present value of policy A is larger, while for any discount rate 

lower than .20 policy C has a greater net present value.1 The appropriate rate to use in 

1 Present Value (PV) of a single lump sum payment to be made at a future date (in year 
n), with a discount"rate ofr, is calculated by the following: PV = FV/ (1+rt. In the example 
given, costs are incurred at n = 0, with benefit payments at the beginning of years 1·and 2. 
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cost-benefit analysis will represent a social rate of time preference 2
• 

Along with net present value, there are a number of decision rules used in practice 

to help decide whether a project with temporal differences in inve&tment and return is 

worth undertaking, or if a number of alternatives exist, the best choice among the 

possibilities. Aniong these are benefit cost ratio rules, internal rate of return, and payback 

period, all of which have potentially serious flaws. It is important to understand the 

consequences associated with these alternatives. 

Benefit-cost (BC) ratio rules compare the present value of the benefits to the 

present value of the costs in ratio form. The decision rule here would indicate that the 

alternative with the highest BC ratio be chosen. This can lead to an incorrect choice, since 

the conversion to ratio form does not preserve the scale of the alternatives, so an option 

with the lowest net returns may be chosen, as long as the returns were relatively largest 

when compared to the costs. If option D projects present values of $1 million in costs and 

$3 million in benefits, its BC ratio is 3. Using the BGratio rule, it would be chosen over 

option E which after discounting to present value costs $5 million and returns $1 0 

million, and therefore has a lower BC ratio of2. Option D would be chosen even though 

the net returns ofE are greater, since the ratio rule does not take into consideration that 

the total net benefit of option E is much greater than option D. Fmther, even if the scale 

is the same, the arbitrary classification of one effect as either an increased cost or a 

decreased benefit could result in different BC ratios for the exact same situation, 

2F or a discussion of social rate of time preference as compared to social opportunity cost 
rate and why they may differ, see Boardman, et al (1996). 
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potentially misrepresenting the alternative. If one effect of a policy is an increase of 

.revenue of $50,000, this can either classified as an added benefit or a subtracted cost with 

no change in the end result when using net present value. However, reclassifying the 

effect from a benefit to a subtracted cost can change the BC ratio. 

Internal rate ofretum (IRR) is the rate of discount that makes the net present value 

of the investment equal to zero. Decision rules that may be applied include comparing 

IRR among projects and choosing the largest, or acceptance if the IRR is greater than the 

market rate of interest. This is not necessarily a reliable method, especially if the 

distribution of benefits alternates between negative and positive, since then solutions may 

hold only over a restricted range. Additionally, matters of scale are not preserved, so the 

use ofiRR to choose among alternatives may again result in an incorrect choice. 

Another set of rules observed in practice, known as payback period rules, 

considers the number of years necessary for.the undiscounted benefits to be equal to the 

tmdiscounted costs. Acceptance is usually guided by·whether the payback period is less 

than some arbitrary value. Again, this method does not consider scale, but most 

importantly since it does not consider the full stream of net benefits over time, it is an 

inappropriate measure for comparison. 

In telemedicine, the stream of benefits may reach far into the future while a large 

portion of the costs are borne at the beginning of the project. Due to the specialized nature 

of the equipment, telemedicine systems can have sizeable fixed costs associated with 

their implementation. The choice of a reasonable discount rate is crucial to obtaining 

useful results in a benefit cost analysis. 
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Uncertain Benefits and Costs 

As evidenced by the Chapter Two discussion regarding widespread emphasis on 

telemedicine evaluation, the full effects of telemedicine implementation are as yet 

unknown. That fact is also the justification for the type of research suggested in this 

paper. One of the most crucial factors for designing a cost-benefit analysis of 

telemedicine is the realization that a great amount of uncertainty exists regarding the 

effect oftelemedicine on the delivery of health care. Factors that may influence the 

measure of benefits to society include whether telemedicine enhances quality of care or if 

it gives rmal hospitals a greater likelihood for survival. While complex, this challenge is 

not unique to the evaluation of telemedicine and has also been covered in the economic 

literature regarding publicly funded research. Many examples of this activity exist, such 

as agricultural extension and experimentation. At first glance, the similarities between ag 

research and telemedicine implementation seem few, but the applicabilities lie in the 

uncertainty of success that accompanies expenditure on research toward development of 

new production methods and varieties. Similarly, telemedicine teclmologies have largely 

unknown future effects and effectiveness. Another common thread is the need for 

decision-making strategies to prioritize health care spending in order to maximize 

research effectiveness subject to a budget constraint. In Science Under Scarcity, Alston et 

al ( 1995) provide a good discussion of methods for econometrically measuring the 

effects of research, different ways of classifying and estimating economic surplus, and 

methods to' objectify funding prioritization. Areas that may be especially applicable 

include the discussions regarding considerations for quality enhancement and the intrinsic 

uncettainty of research. 




