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R<para>ecognizing that health is the ultimate output in the health sector, we understandably direct considerable policy interest toward the production and cost of the intermediate output, health care. Despite exceptions, both politicians and consumers seeking lower health costs do not seek cuts in “necessary” health care—only that which is “purely wasteful.” Yet, health care, even when needed, inevitably “costs too much.”</para>
<para>This chapter addresses production, cost, technology, and efficiency of health care. We investigate first the question of what degree of flexibility the manager or the public policymaker can find in the production process in order to make improvements. Must we always call physicians for certain tasks, or can we substitute nurses and other less expensive inputs? Can managers safely vary the mix of types of nurses employed? These questions reduce to the degree to which health care inputs substitute for one another.</para>
<para>Second, the study of cost functions can provide further clues to finding efficiency gains. Economists find that economies of scale and scope exist in many industries, and society would be better off if firms chose the size that minimizes average costs. Theory states that the perfectly competitive industry achieves this in the long run without outside interference. Health care firms are generally not perfectly competitive nor necessarily perfectly managed, and health economists inquire into the extent of any excess costs.</para>
<para>The next issue of the chapter is the technical and allocative efficiency of health care firms. These types of efficiency and the inefficiency they define articulate in economic terms the central research issue of the American consumer’s complaint: “I am paying an arm and a leg for my family’s health expenses. Am I really getting my money’s worth?”</para>
<para>We then examine how greatly the picture changes as technology, the major mover in the health care industry, changes. We will see that even when new health technology improves our lives, it can also make life more expensive. Insurance plays an important role as a shifter of demand, though probably its influence through its effect on technological innovations is as important.</para>
<para>Finally, we study the economics of how and why new health care technology diffuses through the health system and forms a “logistic” pattern. The diffusion can be rapid, although it may be slowed by regulatory or institutional realities.</para></section>
<section id="ch06lev1bm" role="bm"><title id="ch06lev1bm.title"/><section id="ch06lev1sec1"><title id="ch06lev1sec1.title">Production and the Possibilities for Substitution</title>
<para>Economists often note that there is more than one way “to skin a cat,” that different techniques are available to produce the same product. A single technique is one recipe for production, meaning one specific combination of inputs. When multiple techniques are available, one can choose a relatively capital-intensive (labor-intensive) technique during times when capital (labor) is relatively cheap. It also means the ability to use cheaper forms of labor in substitution for more expensive forms.</para>
<para>While multiple techniques are common in many industries, health practitioners often recognize only one correct way of treating a given illness. The belief that only a single technique is possible or wise is what Victor Fuchs has called the “monotechnic view.” If such a view correctly described production processes, cost-saving substitutions would be difficult if not impossible without reducing either output or quality. A more flexible production process permits cost-saving improvements that may be beneficial to consumers. Economists investigate this question using the concept of substitution.</para>
<section id="ch06lev2sec1"><title id="ch06lev2sec1.title">Substitution</title>
<para>Flexibility means the ability to substitute one input, such as capital, for another input, such as labor, while maintaining the level and quality of output. This does not mean that the two inputs are equivalent, but only that alternative combinations are possible. <link linkend="fg06_00100" preference="1" type="forward">Figure <xref linkend="fg06_00100" label="6-1"><inst>6-1</inst></xref></link> illustrates a case with no input substitution and a case in which an infinite number of techniques are available. In panel A, the isoquant shows the possible combinations of nurse hours and physician hours required to treat one patient case in a hospital; the isoquant is labeled <emphasis>Q</emphasis>  1. Given this situation, only one sensible production technique combines the two inputs. Physicians and nurses must be combined in the ratio given by 0<emphasis>P</emphasis>/0<emphasis>N,</emphasis> the ratio of inputs used at the corner point <emphasis>M.</emphasis> Notice that 0<emphasis>P</emphasis>/0<emphasis>N</emphasis> is also the slope of line segment 0<emphasis>M.</emphasis></para>
<para>What does this mean? In panel A, 0<emphasis>P</emphasis> physician hours are required to produce one case, and the addition of nursing hours beyond 0<emphasis>N</emphasis> will not add to output unless physician hours also are increased. This applies to a production problem where patient care requires certain professional tasks that only a physician is trained and competent to perform.</para>
<para>The fact that the isoquant is flat when moving to the right from <emphasis>M</emphasis> means that adding nurses beyond the required combination produces no more output (i.e., they would be wasted). Likewise, the fact that the isoquant is vertical when moving upward from <emphasis>M</emphasis> means that additional physician hours beyond the required ratio combination are simply wasted resources. How would an isoquant look if substitution were possible? Panel B illustrates this. Again, a unit isoquant is depicted, but a smooth downward-sloping convex curve illustrates that many combinations of inputs could be chosen without being wasteful. For example, one case can be treated with the (0<emphasis>P,</emphasis> 0<emphasis>N</emphasis>) combination of inputs or equivalently with the (0<emphasis>R,</emphasis> 0<emphasis>S</emphasis>) combination. Each point on the isoquant represents a different technique. The slope of any isoquant, such as the isoquant labeled <emphasis>Q'</emphasis>  1, is called the marginal rate of technical substitution (see <link olinkend="ch02" preference="0">Chapter <xref olinkend="ch02" label="2"><inst>2</inst></xref></link>), and it represents the rate at which nurse and physician hours can be exchanged while still maintaining output.</para>
<para>We emphasize that even though we can substitute in panel B, nurses and physicians are not equivalent. It is not even true that a fixed number of nurses always can replace a physician. Moving along the curve from point <emphasis>Y</emphasis> to point <emphasis>Z,</emphasis> the rate of substitution changes; that is, the slope becomes flatter, indicating a diminishing marginal rate of technical substitution. To replace one hour of physician time at point <emphasis>Y</emphasis> requires some number of nursing hours; however, at point <emphasis>Z,</emphasis> where we are using fewer physician hours, we require a much greater number of nursing hours. That is, as physician time grows scarcer relative to nursing hours, it becomes more difficult to replace. This retains the idea that while substitution is possible, it may be difficult, expensive, or unsafe to have nurses do certain physician tasks, and vice versa. The curve may even become flat at some point, indicating that we have reached a minimum of required physician time.</para></section>
<section id="ch06lev2sec2"><title id="ch06lev2sec2.title">What Degree of Substitution Is Possible?</title>
<para>The graphs in <link linkend="fg06_00100" preference="0" type="backward">Figure <xref linkend="fg06_00100" label="6-1"><inst>6-1</inst></xref></link> define terms, but they do not tell us which of the two cases is true of the health care world. From the 1970s on, economists addressed the question of whether physician extenders (as noted in <link linkend="ch06sb01" preference="1" type="forward">Box <xref linkend="ch06sb01" label="6-1"><inst>6-1</inst></xref></link>) could substitute for physicians. Physician extenders refers to specially trained physician assistants or nurse practitioners who are utilized to perform certain tasks, including some that formerly were performed by the physician.</para>
<para>The estimates obtained are equivalent to the measurement of a few points along an isoquant, such as the ones just depicted. This work suggested that substitution could be substantial. Depending on the number of physician hours employed, one physician extender could substitute for 25 percent to more than 50 percent of a physician’s services. Since physician extenders have a much lower training cost, this degree of substitutability could result in substantial savings. Reportedly, the observed physicians were not employing sufficient numbers of assistants to make the practice fully profitable to the physicians.</para></section>
<section id="ch06lev2sec3"><title id="ch06lev2sec3.title">Elasticity of Substitution</title>
<para>The hospital has provided a related focus of production studies. One study presents evidence of substitution among various categories of hospital inputs. It also illustrates a second and more convenient way to measure the possibilities for substitution between inputs, the elasticity of substitution (<emphasis>E<subscript><inst></inst>S<inst></inst></subscript></emphasis>), which measures the responsiveness of a cost-minimizing firm to changes in relative input prices. It is defined as follows:</para>
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<informalequation id="ch06if01"><mediaobject float="0"><textobject role="xpressmath"></textobject></mediaobject></informalequation>
<para role="continued">What does this elasticity mean? If a firm were a cost minimizer, then it would be responsive to changes in input prices, and it would tend to respond by shifting away from the now costlier input to the now relatively cheaper input. Suppose that a hospital is currently at combination <emphasis>Y</emphasis> in panel B of <link linkend="fg06_00100" preference="0" type="backward">Figure <xref linkend="fg06_00100" label="6-1"><inst>6-1</inst></xref></link> using 0<emphasis>P</emphasis> physician hours and 0<emphasis>N</emphasis> nursing hours to treat one case. Suppose also that physicians are paid $200,000 per year and nurses are paid $40,000 per year. Suppose, finally, that the hospital employs 100 physicians and 100 nurses. If there is a 10 percent increase in the relative wage rate of physicians (from $200,000 to $220,000), the cost-minimizing hospital moves to combination <emphasis>Z,</emphasis> which substitutes <emphasis>NS</emphasis> nursing hours for <emphasis>PR</emphasis> physician hours. The relative physician input ratio decreases from the one shown by the slope of the line segment 0<emphasis>Y</emphasis> to the one shown by the slope of 0<emphasis>Z.</emphasis></para>
<sidebar id="ch06sb01" label="6-1" float="1" type="bx1"><inst>Box 6-1</inst>
<supertitle role="ch06sb01.supertitle">Health Care Professionals:</supertitle> <title id="ch06sb01.title">Expanding the Possibilities</title>
<para>Most research on health professionals tends to focus on physicians, dentists, and managers. Yet each researcher is aware that a large share of “getting better” depends on the allied health professions. These professionals, besides often providing a human touch to care, can significantly improve the health production process.</para>
<para>First, the variety of specializations among allied health labor provides the benefits of Adam Smith’s “division of labor.” The theory explains how a focus by each expert on his or her specialized task yields greater output for the whole than were one to insist that each person be a generalist. Imagine a hospital where every professional was a generalist. This health professional then keeps the electronic records, prepares patients, sees patients, draws blood, takes X-rays, and so on. With present-day complex technologies, this is not even possible, let alone efficient. Office managers, registered nurses, medical technicians, X-ray technicians, physicians, and medical records specialists together solve this economic problem as a team.</para>
<para>Second, the availability of other health professionals enhances the possibilities for substitution in production. Nurse practitioners and physicians’ assistants can substitute for physician time and, if used wisely, can expand output by freeing physicians for tasks more directly suited to their training (Brown, 1988). Similar opportunities exist between physicians and nonphysician services in producing mental health services (Deb and Holmes, 1998). Expanded functions for dental assistants and dental hygienists have offered lower dental care prices without loss of quality (Liang and Ogur, 1987). Likewise, research suggests possibilities for substitution between registered pharmacists and pharmacy technicians (Okunade and Suraratdecha, 1998).</para>
<para>Nurse anesthetists are already generally accepted in practice, and while laws often limit what midwives can do, they have a long history of delivering babies. Finally, a stronger general emphasis on providing information to patients has made a wide variety of caregivers into information providers as well. The bottom line? Flexibility in the production of health care exists, in fact, and opportunities for substitution abound.</para></sidebar>
<para>Assume that the decrease in the slopes (i.e., the ratio of factor inputs) is 6 percent. The elasticity of substitution, <emphasis>E<subscript><inst></inst>s<inst></inst></subscript>,</emphasis> has a value of 0.6, indicating that every 1 percent change in relative factor prices leads to a 0.6 percent change in the relative use of those factor inputs. Whereas the ratio of physicians to nurses was previously 1.00, a 10 percent increase in relative physician wages (from 5 to 5.5 times nurses’ wages) would change the input ratio to 0.94 (a 6 percent decrease). This would represent the replacement of one physician ($220,000) with five nurses ($200,000), hence lowering costs (due to the change in physician salary) by $20,000.<footnoteref preference="1" label="1" role="generated" linkend="ch06fn01"/>
 We will report <emphasis>E<subscript><inst></inst>s<inst></inst></subscript></emphasis> in absolute value as positive numbers, even though we understand that the firm’s response is to decrease the relative use of a more expensive input.</para>
<para>The minimum value of <emphasis>E<subscript><inst></inst>s<inst></inst></subscript></emphasis> is zero, and a firm with isoquants represented by the one shown in panel A of <link linkend="fg06_00100" preference="0" type="backward">Figure <xref linkend="fg06_00100" label="6-1"><inst>6-1</inst></xref></link> will have an elasticity of substitution equal to zero because it always will use the same input combination to produce a given level of output regardless of relative factor prices. Higher values of <emphasis>E<subscript><inst></inst>s<inst></inst></subscript></emphasis> indicate a greater potential for substitutability.</para>
<table id="ch06table01" label="6-1" float="1" frame="none" prefix="Table"><title id="ch06table01.title"><inst>Table 6-1 </inst>Substitution Elasticities for Teaching and Nonteaching Hospitals Evaluated at the Mean</title><tgroup cols="3" colsep="0" rowsep="0" align="left"><colspec colnum="1" colname="c1" align="left" colwidth="150"/><colspec colnum="2" colname="c2" align="char" char="." colwidth="150"/><colspec colnum="3" colname="c3" align="char" char="." colwidth="150"/><spanspec spanname="s1" namest="c1" nameend="c3" align="left"/>
	<thead><row><entry valign="top"><para>Input Pair</para></entry>
	<entry valign="top"><para>Nonteaching Case-Mix Adjusted Admissions</para></entry>
	<entry valign="top"><para>Teaching Case-Mix Adjusted Admissions</para></entry></row></thead>

	<tbody><row><entry valign="top"><para>1. Medical Staff with Nurses</para></entry>
	<entry valign="top"><para>0.547</para></entry>
	<entry valign="top"><para>0.159</para></entry></row>

	<row><entry valign="top"><para>2. Medical Staff with Beds</para></entry>
	<entry valign="top"><para>0.175</para></entry>
	<entry valign="top"><para>0.155</para></entry></row>

	<row><entry valign="top"><para>3. Nurses with Beds</para></entry>
	<entry valign="top"><para>0.124</para></entry>
	<entry valign="top"><para>0.211</para></entry></row>

	<row><entry valign="top"><para>4. Nurses with Residents</para></entry>
	<entry valign="top"><para>—</para></entry>
	<entry valign="top"><para>2.127</para></entry></row>

	<row><entry valign="top"><para>5. Medical Staff with Residents</para></entry>
	<entry valign="top"><para>—</para></entry>
	<entry valign="top"><para>0.292</para></entry></row>


<row class="3" role="tfoot"><entry spanname="s1"><source><emphasis>Source:</emphasis> Gail A. Jensen and Michael A. Morrisey, “The Role of Physicians in Hospital Production,” <emphasis>The Review of Economics and Statistics</emphasis> 68:3 (August 1986), pp. <link olinkend="ch06" role="pageref" preference="0"><inst></inst>432-442</link>. Copyright © 1986 by the President and Fellows of Harvard College and the Massachusetts Institute of Technology, with permission.</source></entry></row></tbody></tgroup></table>
<para>A good example elasticity of substitution is used is provided by Acemoglu and Finkelstein (2006). These authors observed how health care firms responded to the introduction of the Medicare Prospective Payment System, which they found to cause labor to become more expensive. True to the theory of the firm with its responsiveness to the market, they found the firms’ response was to increase the capital/labor ratio.</para></section>
<section id="ch06lev2sec4"><title id="ch06lev2sec4.title">Estimates for Hospital Care</title>
<para>Physicians are important to productivity of all hospital inputs. Pauly (1980) and Jensen and Morrisey (1986) incorporated this fact into their analysis of the elasticity of substitution between hospital inputs. They estimated a production function for hospital care and generated the isoquants and estimated the elasticities of substitution. Patterns of input use were observed in the process across a large number of hospitals.</para>
<para><link linkend="ch06table01" preference="1" type="forward">Table <xref linkend="ch06table01" label="6-1"><inst>6-1</inst></xref></link> shows the estimates of elasticities of substitution between pairs of inputs. For example, a 1 percent increase in the price of medical staff relative to nurses would result in a 0.547 percent decrease in the ratio of medical staff to nurses.</para>
<para>How are we to judge the estimated degree of substitutability? Are these numbers large or small? The elasticities reported are at least sufficient to show that some substitutability exists between virtually all pairs of hospital inputs. In fact, the authors conclude, “. . . all inputs in both teaching and nonteaching hospitals are substitutes for each other.” The smallest values for substitution reported here are between beds and categories of labor. It may seem nonsensical that one can substitute people for beds; but “beds” here represent a convenient measure of the various and often complex capital inputs used by a hospital. The data suggest that even in hospital care production, where labor is undoubtedly the critical input, capital can be substituted on the margin for labor.</para>
<para>Custer and Willke (1991) and Lehner and Burgess (1995) have shown these results to be sensitive to the particular definition of the physician’s input. Even so, most health economists probably would agree that substitution possibilities exist among many health care inputs, though their range is still uncertain.</para>
<para>Recent studies have shown that home health care can substitute for hospital care. Is the “home hospital” as good? Is it less costly? Illife and Shepperd (2002) report that studies of randomized trials of home versus hospital care find little difference in mortality outcomes or in costs.</para></section></section>
<section id="ch06lev1sec2"><title id="ch06lev1sec2.title">Costs in Theory and Practice</title>
<para>The production function, its isoquants, and the elasticities of substitution have consequences for costs. We will show the derivation of the cost function and explain the technical terms <emphasis>economies of scale</emphasis> and <emphasis>economies of scope.</emphasis></para>

<section id="ch06lev2sec5"><title id="ch06lev2sec5.title">Deriving the Cost Function</title>
<para>As we noted, the production function describes the input/output relationships, and the cost function describes the cost/output relation. The two are closely related, and under the right conditions, the two functions can be derived one from another. We illustrate the closeness of this relationship in <link linkend="fg06_00200" preference="1" type="forward">Figure <xref linkend="fg06_00200" label="6-2"><inst>6-2</inst></xref></link>.</para>
<para>Panel A, which depicts several isoquants, illustrates the production function, let’s say for a physician practice. An infinite number of isoquants exist in principle, and we have chosen to show only three. The lowest isoquant shows that many points (or combinations) of capital and labor are capable of producing the 100 physician office visits. Higher isoquants, of course, produce more, 150 and 200 visits, respectively. Imagine that <link linkend="fg06_00200" preference="0" type="backward">Figure <xref linkend="fg06_00200" label="6-2"><inst>6-2</inst></xref></link>, panel A, had no straight, slanted lines (<emphasis>AB</emphasis> and so on).The lines “removed” identify the cost consequences of the firm’s input choices. Without them, the graph would characterize a firm that knows “only half of the story,” only the output consequences of its input choices. Do firms exist that would simply ignore the cost inputs? Would they say: “We wish to help people get well regardless of what it costs and economics is not an appropriate consideration.”</para>
<para>In reality, health care firms, like all others, must meet their creditors or close their doors—they must at least break even. A tougher question for economists, however, is whether the many nonprofit firms strive to minimize costs. We must further ask, how well do they achieve this goal? Economic theory derives the cost function only if the firm in question seeks to minimize its costs. Before showing how the derivation works, consider that Ellis (1993) makes a good case that we are “safe” in this regard. Ellis addresses this question: If a community hospital board discovered that it could treat 1,000 patients with proper care and still permit a waste of resources worth $20,000, then some board member could sensibly suggest: “Eliminate the waste and we could treat even more patients.” We will assume that health care firms reason in this way.</para></section>
<section id="ch06lev2sec6"><title id="ch06lev2sec6.title">Cost Minimization</title>
<para>While isoquants show the many combinations of inputs to produce a given output; they do not by themselves describe the cheapest combination of inputs to produce the given output. The firm minimizes costs of producing a given level of output with the aid of a second tool—the isocost curve, the downward-sloping straight lines in <link linkend="fg06_00200" preference="0" type="backward">Figure <xref linkend="fg06_00200" label="6-2"><inst>6-2</inst></xref></link>.</para>
<para>An isocost curve is the collection of all combinations of capital and labor that together cost a given amount. Let the level of total cost being considered be <emphasis>TC;</emphasis> this money can buy many combinations of capital and labor, <emphasis>K</emphasis> and <emphasis>L,</emphasis> in fact any combination whose costs add up to <emphasis>TC</emphasis>  <emphasis>rK</emphasis>  <emphasis>wL,</emphasis> where <emphasis>r</emphasis> is the rental price of capital and <emphasis>w</emphasis> is the wage rate of labor. The “rental price of capital” means the cost to the firm of using the capital for one period, regardless of whether it actually rents the capital or owns it. This particular isocost equation can be transformed algebraically so that <emphasis>K</emphasis> appears on the left-hand side and all other terms appear on the right, yielding the equivalent equation, <emphasis>K</emphasis>  <emphasis>TC/r</emphasis>  <emphasis>(w/r)L,</emphasis> which is an isocost line.</para>
<para>The firm wishing to produce a given output level, say 100 visits, will minimize its costs by choosing the lowest isocost curve that is tangent to the 100-visit isoquant. In the figure, least-cost production of 100 visits occurs at input combination <emphasis>L</emphasis>  20, <emphasis>K</emphasis>  25 at point <emphasis>C</emphasis> on isocost curve <emphasis>AB.</emphasis> Given knowledge of the input prices, we can calculate the output cost. For example, let <emphasis>r</emphasis>  $1,200 and <emphasis>w</emphasis>  $1,000; then, least-cost production of 100 visits will cost $50,000. Alternatively, if the firm wishes to produce 150 visits, the least-cost production would occur at point <emphasis>F,</emphasis> which entails 30 units of labor and 40 units of capital for a total cost of $78,000. In this fashion, the combination of the production function represented by the isoquants and the cost requirements represented by the isocost curves generates a set of outcomes, or points <emphasis>C,</emphasis> <emphasis>F,</emphasis> and <emphasis>G.</emphasis> The set of all possible points of tangency, such as these, is called the expansion path.</para>
<para>The expansion path supplies the information that associates a given output with its minimum cost. When these cost and output data are recorded in a graph, as in panel B, the result is the firm’s total cost function. The cost function has a lazy S-shape, a pattern thought to be typical of many firms in practice. It also goes through the origin, indicating that if this firm produces nothing, it will incur no costs, meaning that the firm has no fixed costs. Economists refer to a period long enough for the firm to alter or avoid any of its commitments to input suppliers as “the long run.” Thus, the implication is that the cost function shown is depicting the firm in the long run. This cost function is a “frontier” in that it represents the minimum possible cost of producing a given output. Actual firms may operate somewhat inefficiently, and we will observe cost levels above the frontier. It is a contradiction to say that one could observe a cost level below the cost frontier. Analysts often wish to determine whether health care firms are operating on or above their cost frontier, and we will return to this efficiency issue later. At present, we address a different issue—whether a firm is operating at an economical point on the frontier from the point of view of society as a whole.</para></section>
<section id="ch06lev2sec7"><title id="ch06lev2sec7.title">Economies of Scale and Scope</title>
<para>To simplify the exposition, we separate the issues of economies of scale and scope, treating scale economies first. Consider a physician firm such as the one depicted in <link linkend="fg06_00200" preference="0" type="backward">Figure <xref linkend="fg06_00200" label="6-2"><inst>6-2</inst></xref></link>. The long-run total cost function as shown in panel B can be transformed to express information about economies of scale. The average costs for this firm can be calculated by dividing the given cost level by the corresponding number of physician visits. The resulting long-run average cost (<emphasis>LRAC</emphasis>) function is in <link linkend="fg06_00300" preference="1" type="forward">Figure <xref linkend="fg06_00300" label="6-3"><inst>6-3</inst></xref></link>. A firm experiences economies of scale when its long-run average cost is declining as output increases. Thus, the firm depicted exhibits economies of scale in region <emphasis>AB.</emphasis> Conversely, the firm experiences diseconomies of scale if and only if the long-run average cost is increasing as output increases, such as occurs in the region <emphasis>BC.</emphasis> What output level would a profit-maximizing firm choose in this case? It is tempting to suppose it would choose output <emphasis>Q<subscript><inst></inst>B<inst></inst></subscript>,</emphasis> at which its average costs are lowest (<emphasis>AC<subscript><inst></inst>B<inst></inst></subscript></emphasis>), but this is not necessarily the case. A firm is not in the business of minimizing its average costs and would do so only if, coincidentally, the output that minimized costs also maximized profits.</para>
<para>A related concept is economies of scope. By definition, economies of scope are possible only for a multiproduct firm and because many health care firms are multiproduct in nature, the concept is highly relevant. Economies of scope occur whenever it is possible to produce jointly two or more goods more cheaply than if we produce them separately. As an illustration, consider the provision of pediatric hospital care (for children) and geriatric hospital care (for the elderly). Suppose there were two hospitals in town—one that provided only pediatric care and one that provided only geriatric care. Would the total cost of pediatric plus geriatric care be lower if one single hospital provided both? It may be cheaper to combine the two hospitals and achieve scale economies, but that is not the point at present. However, it might still be cheaper to combine them when the inputs needed for both types of care interact well together. Perhaps things learned in pediatrics have applications in geriatrics and perhaps the two could support each other so that the result would be lower total costs. If so, by producing the two different outputs jointly, we achieve economies of scope.</para>
<para>Economies of scope are illustrated by <link linkend="ch06eq01" preference="0" type="forward">equation (<xref linkend="ch06eq01" label="6.1"><inst>6.1</inst></xref></link>). In mathematical notation two outputs are shown, <emphasis>Q</emphasis><subscript><inst></inst>1<inst></inst></subscript> and <emphasis>Q</emphasis><subscript><inst></inst>2<inst></inst></subscript>. For example, <emphasis>Q</emphasis><subscript><inst></inst>1<inst></inst></subscript> may represent pediatric care and <emphasis>Q</emphasis><subscript><inst></inst>2<inst></inst></subscript> may represent geriatric care. The example in <link linkend="ch06eq01" preference="0" type="forward">equation (<xref linkend="ch06eq01" label="6.1"><inst>6.1</inst></xref></link>) concerns the attempt to produce output levels <emphasis>Q</emphasis><subscript><inst></inst>1<inst></inst></subscript>  100 and <emphasis>Q</emphasis><subscript><inst></inst>2<inst></inst></subscript>  150 either jointly or separately. Economies of scope exist if the cost of producing the two outputs jointly, that is,</para>
<informalequation id="ch06if02"><mediaobject float="0"><textobject role="xpressmath">TC(Q1  100, Q2  150)</textobject></mediaobject></informalequation>
<para role="continued">is less than the sum of the costs of producing each quantity separately, that is,</para>
<informalequation id="ch06if03"><mediaobject float="0"><textobject role="xpressmath">TC(Q1  100, Q2  0)  TC(Q1  0, Q2  150)</textobject></mediaobject></informalequation>
<para role="continued">In summary, economies of scope occur in this example if the following inequality holds:</para>
<equation id="ch06eq01" label="6.1"><inst>
</inst><mediaobject float="0"><textobject role="xpressmath">TC(Q1  100, Q2  150)  TC(Q1  100, Q2  0)  TC(Q1  0, Q2  150)</textobject></mediaobject><inst>
(6.1)</inst></equation></section>
<section id="ch06lev2sec8"><title id="ch06lev2sec8.title">Why Would Economies of Scale and Scope Be Important?</title>
<para>The concepts of economies of scale and scope are of considerable interest to both public policy and to managerial policy. We illustrate their significance using the idea of economies of scale, but we can use similar arguments to show the importance of economies of scope.</para>
<para>Recall that a profit-maximizing firm wishes to do just that, maximize profits. It has no intrinsic interest in producing at that level of output at which average costs are at a minimum unless that output also coincidentally maximizes profit, but this is not generally the case. Consumers would like firms to minimize average costs as long as the firms pass these cost savings on to the public. One of the reasons that economists promote the theory of perfect competition is that competition forces the firm in the long run to operate so that it minimizes average costs. The competitive firm is guided by competition, as if by an invisible hand, to serve society’s interests in keeping costs low.</para>
<para>Most health care firms, such as hospitals and physician practices, do not operate in perfectly competitive markets. Therefore, competitive pressures will not necessarily force them to operate at the most efficient scale of operation. There may conceivably be too few or too many providers. If there are too many, existing hospitals may be smaller than is required for the efficient scale; small hospitals may be forgoing the profit-maximizing opportunities available through greater economies of scale.</para>
<para>Historically, area-wide health planning, promoted by various government programs since the 1940s, encouraged the reduction of “excess beds.” These programs also promoted the “rationalization” of geographic patterns of critical and expensive diagnostic equipment, such as CT scanners. The programs expressly aimed at reducing the growth in health expenditures would make more sense to economic thinking if the health care were either unnecessary or if the rationalization were expected to take advantage of economies of scale.</para>
<para>The gain to society from exploiting economies of scale also illustrates the natural monopoly. Consider a simple example. Assume that <link linkend="fg06_00300" preference="0" type="backward">Figure <xref linkend="fg06_00300" label="6-3"><inst>6-3</inst></xref></link> shows a health care unit (perhaps a hospital) that provides the diagnostic services of an MRI scanner. If many such firms are in the market area, then perhaps no single MRI scanner is operating at an output level at which it achieves the lowest long-run average cost. Because of its competition, the hospital unit depicted operates at point <emphasis>A,</emphasis> where average costs are higher. If society had fewer MRI scanners, the remaining ones could operate at a higher capacity, say at point <emphasis>B,</emphasis> with lower average costs of <emphasis>AC<subscript><inst></inst>B<inst></inst></subscript>.</emphasis> These arguments depend on finding empirical results showing that further advantages from economies of scale at the level of the firm are available to society as a whole. The average cost curve in <link linkend="fg06_00300" preference="0" type="backward">Figure <xref linkend="fg06_00300" label="6-3"><inst>6-3</inst></xref></link> records only the costs incurred by the hospital unit. From society’s broader perspective, the costs incurred by the patients and their visiting families and friends also are relevant. To see the point more clearly, draw the MRI scan example to its extreme. Suppose the minimal average cost occurs when one scanner serves a rural region of 400 miles in radius. Would residents of this region be better off building only one centrally located scanner? Or would the necessarily large travel costs make such a plan foolish in the extreme?</para></section>

<section id="ch06lev2sec9"><title id="ch06lev2sec9.title">Empirical Cost-Function Studies</title>
<para>With the theoretical ideas understood, the fundamental questions become empirical. Are there, in fact, economies of scale and scope available to be exploited in real-world health care firms? At what level of output and for what combinations of outputs are these economies achieved? Two themes occur often and represent differences in approach. We will describe long-run versus short-run studies, and behavioral versus structural cost functions.</para>
<section id="ch06lev3sec1"><title id="ch06lev3sec1.title">Long-Run Versus Short-Run Studies</title><para><inst>  </inst>We have seen the shape of the long-run average cost curve defines economies of scale.. The difference between the long run and the short run is well-defined in economics. The long run is a period sufficiently long for the hospital to end any fixed commitments and to make any cost-saving adjustments that are possible. The short run is a period during which the hospital still has some fixed commitments, that is, some inputs that cannot be varied. An example is the number of beds set up for service. Research (Vita, 1990; Fournier and Mitchell, 1992) has demonstrated that results differ depending on the investigator’s assumption of a long-run versus a short-run equilibrium.</para>
<para>Economists use short run cost estimates to test for the short run or long run. Econometricians can assess this question by simulating that the capital is variable in the estimated function. If simulated profits rise when capital is changed, they know that the firm is operating in the short run. Bilodeau and colleagues (2002) recently estimated a cost function which found the U.S. hospital system to be overcapitalized, which we interpret as short run phenomena.</para></section>
<section id="ch06lev3sec2"><title id="ch06lev3sec2.title">Structural Versus Behavioral Cost Functions</title><para><inst>  </inst>Economic and health service analysts frequently distinguish between structural and behavioral cost functions. By structural cost function, we mean a cost function derived in a consistent manner from economic theory, just as we have derived it in the previous section. That is, we use the production isoquants and the isocost curves to derive the cost-minimizing level of costs for each possible level of output.</para>
<para>In contrast, behavioral cost functions (Evans, 1971) are derived from analyses of the patterns in costs in actual data across hospitals. Variables are included that distinguish real-world differences between hospitals. For example, teaching hospitals have higher costs due to the teaching and research services that they provide (Farsi and Philippini, 2008; Linna and Häkkinen, 2006). The variables matter for costs but often do not have a clear role in the theory of cost functions.  Researchers have also the role of market structure on hospital costs, such as the degree of competition (Banerjee and Cohen-Cole, 2012; Jiang, Friedma, and Jiang 2013). Sometimes behavioral cost functions omit variables, like factor costs such as employee wage rates or equipment.</para>
<para>Of those who chose the theoretically most consistent “structural” approach, some (Conrad and Strauss, 1983) found economies of scale, some (Cowing and Holtmann, 1983) found constant returns to scale, yet others (Vita, 1990) reported diseconomies of scale. Researchers who applied the behavioral cost-function approach (Granneman, Brown, and Pauly, 1986) found economies of scale for the emergency department.</para></section></section>
<section id="ch06lev2sec10"><title id="ch06lev2sec10.title">Difficulties Faced by All Hospital Cost Studies</title>
<para>What do hospitals produce? The difficulty of measuring the heterogeneous hospital output trips up nearly all hospital cost studies. First, hospitals differ by type of cases they treat; this is the “case-mix problem.” Medicare’s Diagnosis Related Group (DRG) payment system identifies 745 groups of cases, so the hospital is a multiproduct firm to an unusual degree. Some studies have virtually neglected the problem; others have used multiproduct cost functions with adjustments for case mix and related variables. Although the multiproduct approach is superior, even multiproduct methods rarely incorporate more than four or five hospital output categories. Even the question of whether sufficiently refined hospital cost estimates are achievable in principle has not gained a consensus among health economists.<footnoteref preference="1" label="2" role="generated" linkend="ch06fn02"/>
</para>
<para>A related problem is how to treat quality. Unobserved or incorrectly measured variations in quality between hospitals may lead to errors in research examining economies or diseconomies of scale. Recent research established that hospital quality affects hospital costs, and quality is more expensive (Carey and Stefos, 2011).</para>
<para>The case mix issue is illustrated in <link linkend="fg06_00400" preference="1" type="forward">Figure <xref linkend="fg06_00400" label="6-4"><inst>6-4</inst></xref></link>, and the quality issue, though not illustrated explicitly in the figure, is similar. The figure illustrates a situation where the true, long-run average cost function is flat, exhibiting neither economies nor diseconomies of scale. The three cost curves shown represent three hospitals, each with a distinct case mix. In order of ascending costs, these are Hospital 1, which treats uncomplicated medical cases; Hospital 2, which treats more complicated surgical cases; and Hospital 3, which treats the most highly complex level or tertiary cases.</para>
<para>Suppose that points <emphasis>C, D,</emphasis> and <emphasis>E</emphasis> represent the data observations available to the researcher for each hospital type for a given statistical study. The researcher may mistake the unobserved case-mix differences for diseconomies of scale, that is, mistakenly believe that the long-run average cost curve is rising as shown by the connecting line. This case is illustrative only because the underlying patterns of case mix, quality, and size of output could yield errors in either direction. Alternative approaches to treating the case-mix problem have been investigated extensively.<footnoteref preference="1" label="3" role="generated" linkend="ch06fn03"/>
 These studies show that case-mix differences between hospitals are materially important when estimating scale economies and cannot be overlooked.</para>
<para>Researchers may also lack reliable measures of hospital input prices. The cost of capital or the starting registered nurse’s wage may seem simple data to collect (a matter of contacting an executive in the finance office), but they are often difficult to define adequately. Unfortunately, errors in measurement of hospital input prices have substantial consequences for the results.</para>
<para>Finally, hospital cost-function studies almost always omit physicians’ input prices entirely. Physicians are not generally under hospital control, and this independence, as well as the accounting and the physician practices of billing the patient separately, become problems. Physician costs are properly part of production costs, and their omission results in biased econometric estimates of hospital costs. Early research experience with hospital costs (Pauly, 1980) established that physicians do matter. These studies establish that the difficulties in hospital costs center on the problems of measuring output in a multiproduct firm where quality matters a great deal.</para></section>
<section id="ch06lev2sec11"><title id="ch06lev2sec11.title">Modern Results</title>
<para>The most recent research supports claims that economies of scale exist in hospitals. Preya and Pink (2006) studied costs of Canadian hospitals prior to a massive consolidation, finding “large scale unexploited gains to strategic consolidation in the hospital sector” (p. <link olinkend="ch06" role="pageref" preference="0"><inst></inst>1049</link>). Dranove and Lindrooth (2003) studied a large number of hospital consolidations, comparing them to matching hospitals that did not consolidate. They found “significant, robust, and persistent savings for mergers, 2, 3, and 4 years after consolidation” (p. <link olinkend="ch06" role="pageref" preference="0"><inst></inst>996</link>). </para></section>
<section id="ch06lev2sec12"><title id="ch06lev2sec12.title">Summary: Empirical Cost Studies and Economies of Scale</title>
<para>Early hospital cost studies led economists to believe that economies of scale existed, even claiming that the optimal hospital size was about 250 beds available for patient care. However, there followed a flurry of criticisms and corrections; the complex multiproduct hospitals, which also varied in quality, required more sophisticated methods. Studies that followed tended to dispel the earlier consensus with widely varied and sometimes contradictory results. Modern work (studies appearing since 2000) much more clearly reports that economies of scale exist in hospitals, a result that suggests that many hospital mergers might be justified on the basis of cost savings to society. Economies of scale are now more often studied for specific hospital services (Goncalves and Barros, 2013).</para></section></section>
<section id="ch06lev1sec3"><title id="ch06lev1sec3.title">Technical and Allocative Inefficiency</title>
<para>In addition to issues of scale, efficiency can be measured in two other ways, each also of great concern to health care firms and policy makers. Economists refer to these as technical and allocative efficiency, or their lack, which is inefficiency.</para>
<section id="ch06lev2sec13"><title id="ch06lev2sec13.title">Technical Inefficiency</title>
<para>Technical inefficiency is illustrated in <link linkend="fg06_00500" preference="1" type="forward">Figure <xref linkend="fg06_00500" label="6-5"><inst>6-5</inst></xref></link>, panels A and B. Panel A depicts a production process with one input, while panel B depicts a production process using two inputs, capital, and labor. Technical inefficiency implies that the producer is not achieving a maximum output from a given input combination. It is as if workers or machines were misused, not working at full capacity, or not cooperating well. In both panels, each firm’s actual experience is indicated by a firm number. A technically inefficient firm falls off its frontier. In panel A, the production frontier is shown as the production function labeled <emphasis>f(L).</emphasis> Firms 4 and 5 are on the frontier; that is, they are currently technically efficient. In contrast, Firms 1, 2, and 3 are off the frontier and thus are currently technically inefficient. In panel A, the firm inefficiencies are measured as relative distances from the frontier. The distance may be the output (vertical) distance—what output could have been achieved with these inputs—or it may be the input (horizontal) distance—how many fewer inputs could have achieved this output? Generally, these alternative approaches to inefficiency measurement will yield somewhat different results.</para>
<para>Panel B shows an isoquant representing frontier practice treating for 100 cases. Suppose that the actual current output of all firms depicted in panel B is known to be 100 cases. Firms 6 and 7 in the panel are on the isoquant for 100 cases and thus currently represent frontier practice and are technically efficient. Firms 8, 9, and 10 are off the isoquant, indicating that they have employed more input quantities than technically efficient production requires. As was the case in panel A, both output and input distance functions can be used as measures of inefficiency.</para></section>
<section id="ch06lev2sec14"><title id="ch06lev2sec14.title">Allocative Inefficiency</title>
<para>Technical efficiency applies conceptually to production within a given firm. By contrast, allocative efficiency requires the efficient allocation of inputs between firms and between outputs. Essentially, it requires that each type of capital and labor be put to its most rewarding use in society. Economic theorists have shown that allocative efficiency in production will result if each firm buys or hires inputs in competitive markets and if each firm minimizes production costs. Assuming competitive input markets—and thus fixed input prices common to all firms—permits us to describe allocative efficiency at the firm level. Here, allocative efficiency requires that each firm respond optimally to input prices; correspondingly, allocative inefficiency implies choosing an inappropriate combination of inputs in the sense that inputs and their prices have not been appropriately considered.</para>
<para>To illustrate, consider <link linkend="fg06_00600" preference="1" type="forward">Figure <xref linkend="fg06_00600" label="6-6"><inst>6-6</inst></xref></link>. In this figure, the isoquant for 100 cases is illustrated as the curve labeled <emphasis>Q</emphasis>  100. Assume that the firm being examined is currently producing its desired level of output, and that the desired level happens to be 100 cases. Two isocost curves also are depicted, with one indicating a cost level of $50,000 and the other a cost level of $42,000. Suppose that the firm in question was observed operating at a point <emphasis>A.</emphasis> Because this firm is treating 100 cases using an input combination on the 100 cases isoquant, we can say this firm is technically efficient. However, it is not allocatively efficient. At the current input prices, it uses too much capital, and not enough labor.</para>
<para>To confirm this idea, consider that the firm in question alternatively could have produced 100 cases at point <emphasis>B.</emphasis> As point <emphasis>B</emphasis> lies on a lower and thus less costly isocost curve, the firm at <emphasis>B</emphasis> would reduce costs from $50,000 to $42,000 by moving from point <emphasis>A</emphasis> to point <emphasis>B.</emphasis> Point <emphasis>B</emphasis> entails a tangency of the desired isoquant with the lowest feasible isocost curve. A tangency implies an equality of the ratio of input prices to the ratio of marginal products for the inputs (the equality of marginal output per dollar for each input). This is the firm’s appropriate response to input prices, and its key condition for allocative efficiency.</para>
<para>Though the conditions for efficiency of both types are well-defined, several different empirical techniques have appeared to address them. These techniques can be grouped into two categories: nonfrontier and frontier studies. In the nonfrontier studies, actual outputs or cost experiences for two or more groups of firms are compared while attempting to control for the effect of extraneous variables. In frontier studies, actual outputs or firm costs are compared to the best possible experience. We emphasize frontier studies because they are conceptually closer to the definitions of technical and allocative efficiency.</para>
<para>Two types of empirical frontier analysis have emerged. One, data envelopment analysis (DEA), was developed earlier. The other, the stochastic frontier analysis (SFA), was developed by 1977, with applications in health care proliferating in the late 1980s.</para></section>
<section id="ch06lev2sec15"><title id="ch06lev2sec15.title">Frontier Analysis</title>
<section id="ch06lev3sec3"><title id="ch06lev3sec3.title">The Data Envelopment Analysis (DEA) Approach</title><para><inst>  </inst>DEA is illustrated in <link linkend="fg06_00700" preference="1" type="forward">Figure <xref linkend="fg06_00700" label="6-7"><inst>6-7</inst></xref></link>. The frontier production, initially unknown to the researcher, is revealed as more firms are observed. A few such firms are represented by the points labeled 1 through 10. The data envelopment method finds the frontier isoquant for a selected level of output (for example, <emphasis>Q</emphasis>  100) by forming an envelope of the data. Researchers use linear programming to construct this efficient outer shell of the data points. Given the estimated frontier, technical inefficiency then is measured as a relative distance from the frontier. DEA is particularly useful for hospitals in that it easily handles multiple inputs and multiple outputs.<footnoteref preference="1" label="4" role="generated" linkend="ch06fn04"/>
</para>
<para>DEA attracts researchers and research readers because it imposes no assumptions about the parameters of the underlying distribution of inefficiency. Analysts refer to this as “nonparametric.” Its cousin SFA contrasts with DEA because researchers must guess the statistical distribution of the inefficiencies in advance. Those who prefer SFA argue that DEA assumes that all firms lying distant from the frontier are inefficient. Suppose that during a given year, the Huron Hospital nurses go on strike. Suppose further that the hospital is measured as experiencing substantial inefficiency; the hospital was operating at a substantial distance off the frontier for similar hospitals. Was the hospital really inefficient or only apparently so? Should the researcher charge the entire shortfall in output to management error or should an adjustment be made (a “handicap” frontier) reflecting its special difficulties?</para></section>
<section id="ch06lev3sec4"><title id="ch06lev3sec4.title">The Stochastic Frontier Analysis (SFA) Approach</title><para><inst>  </inst>SFA treats each firm uniquely by assuming it could be affected by a potential shock to its ability to produce care. Consider a hospital that is managed with perfect technical and allocative efficiency. Suppose this hospital discovers that its long-time major supplier has gone bankrupt. It takes months before comparable prices, qualities, and reliability are restored with new suppliers. Regardless of management’s response to these events, the hospital’s cost and output data for the year will differ from other apparently similar hospitals having standard experiences. This will be true even if the management is “perfect,” a model for other managers.</para>
<para>If each firm is randomly shocked during the period in ways that affect its production and cost performance, the firm’s best possible practice, its frontier, will be randomly shifted. When the frontier function is partly random, the result is a “stochastic process”—hence, the name stochastic frontier.</para>
<para>Techniques developed by Aigner, Lovell, and Schmidt (1977) make it possible to estimate both the individual firm’s expected frontier and the firm’s inefficiency. The stochastic frontier concept is illustrated in <link linkend="fg06_00800" preference="1" type="forward">Figure <xref linkend="fg06_00800" label="6-8"><inst>6-8</inst></xref></link>, an example that focuses on average costs. The mean average cost frontier is the dark curve. The individual firm’s frontier is shifted by random shocks whose distribution must be assumed by the researcher from among known, parametric distributions. Thus, each hospital has a unique frontier and inefficiency distance from its frontier.</para>
<para>Many health economists recognize pluses and minuses to both approaches and treat them as complementary tools (Kooreman, 1994a, 1994b). For example Matawie and Assaf (2010) apply both methods in comparison. Work with “panel data”—gathered as a sample of hospitals followed for many periods—suggests how the SFA method can be used without imposing the strong parameter assumptions (Lee and Schmidt, 1993).</para></section></section>
<section id="ch06lev2sec16"><title id="ch06lev2sec16.title">The Uses of Hospital Efficiency Studies</title>
<para>The estimates from the frontier analyses have stimulated investigations of substantial consequence. Consider these cases with background provided to explain the significance.</para>
<section id="ch06lev3sec5"><title id="ch06lev3sec5.title">Total Hospital Efficiency</title><para><inst>  </inst>Critics argue that the U.S. hospital system has done an inadequate job of improving U.S. health status to justify its huge cost. We have seen that costs depend in part on whether one achieves economies of scale, and of course total costs also depend on the quantity demanded. But we have just seen that technical and allocative inefficiency also play a role. How efficient are U.S. hospitals?</para>
<para>Their reported efficiency levels have been quite high. The earliest DEA study (Valdmanis, 1990) reported technical efficiency levels of about 90 percent, while Magnusson’s DEA (1996) study reached similarly high levels. SFA studies have tended toward similar levels; early SFA studies (Zuckerman, Hadley, and Iezzoni, 1994; and Folland and Hofler, 2001) found the sum of technical and allocative inefficiency to be only a little more than 10 percent. Since then studies have reported roughly similar levels of inefficiency. Frontier researchers are well aware of the many sensitivities of the method to variations across individual studies; but the various results support the hypothesis that the hospitals are highly efficient. One cannot blame hospital inefficiency for the high level of costs.</para></section></section>

<section id="ch06lev2sec17"><title id="ch06lev2sec17.title">For-Profit Versus Nonprofit Hospitals</title>
<para>Many people place greater trust in nonprofit hospitals than for-profits. Yet many economists and legal theorists are critical of nonprofit hospitals and demand to know why they deserve special benefits like freedom from taxes. To date, efficiency studies most often have not favored one organizational form over the other.</para>
<para>In many recent studies, nonprofit and for-profit hospitals appear approximately equal in efficiency. While the earliest studies (Valdmanis, 1990; and Ozcan et al., 1992) found differences between samples of public and for-profit hospitals, studies since then found no significant differences (Sloan et al., 2001). Burgess and Wilson (1998, p. <link olinkend="ch06" role="pageref" preference="0"><inst></inst>100</link>) found “no evidence that differences in ownership affect technical efficiency after controlling for other factors.” Looking at Italian hospitals, using DEA, Barbetta, Turati and Zago (2007) show a convergence of mean efficiency scores between not-for-profit and public hospitals. They believe that differences in economic performances between competing ownership forms result more from the institutional settings in which they operate, than the effect of the differing incentive structures.</para>
<para>If the efficiency data are neutral between organization types, this tends to favor the argu-ment that nonprofits lack a justification for their tax breaks, at least on the grounds of technical and allocative efficiency.<footnoteref preference="1" label="5" role="generated" linkend="ch06fn05"/>
 Perhaps our impressions of relative efficiency of hospitals will change. Hollingsworth (2008) conducted a substantial literature review of over 300 frontier efficiency studies. Though cautious, he concluded that the public providers were somewhat more efficient.</para></section>

<section id="ch06lev2sec18"><title id="ch06lev2sec18.title">Efficiency and Hospital Quality</title>
<para>Mary Deily and Niccie McKay (2006) explain that hospital inefficiency may reduce the quality of care. Both care inputs in their study have been adjusted for quality. Quality of hospital output is measured by mortality rates. In principle, the process of combining inputs together may be affected by inefficiency. These authors test the proposition in a sample of about 140 Florida hospitals measured over three years. They found, using the stochastic frontier approach, that the inefficiency measure was a highly significant and positive contributor to a measure of hospital mortality rates.</para>
<para>Laine and colleagues (2005) attempted similar tests for long-term care. Although they detected no inefficiency effect on “clinical quality,” they found inefficiency to contribute to the prevalence of pressure ulcers, “indicating poor quality of care was associated with technical inefficiency” (p. <link olinkend="ch06" role="pageref" preference="0"><inst></inst>245</link>).</para></section>
<section id="ch06lev2sec19"><title id="ch06lev2sec19.title">Are Hospital Frontier Efficiency Studies Reliable?</title>
<para>This question was asked by both Folland and Hofler (2001) and by Street (2003). As an example, one of these papers estimated hospital efficiency values by three different versions of the stochastic frontier method. The versions were minor differences in the assumptions most investigators consider. Then they found the correlations between the versions. The correlations were rather poor, at 0.70 or lower. A rule of thumb here is that when the object is to test whether two series of numbers are valid equivalent measures of each other the correlation coefficient should be 0.70 or higher. The authors concluded that the frontier estimates seem adequate to discern mean differences between groups of hospitals, but they cannot be justified for the task of identifying inefficiencies by individual hospitals.</para></section>

<sidebar id="ch06sb02" label="6-2" float="1" type="bx1"><inst>Box 6-2</inst>
<title id="ch06sb02.title">Should We Close Inefficient Hospitals?</title>
<para>Hospitals that are technically and/or allocatively inefficient will have higher costs than their more efficient peers. Should they be closed to save money? What about the utility loss of their former patients? Capps, Dranove and Lindrooth (2010) provide an interesting way to answer the questions. On the one hand, the cost savings from closing a particular hospital will be partly offset by increases at other hospitals who pick up these patients. On the other hand, recall that since the peer hospitals are more efficient, they will have higher occupancy rates after the change.</para>
<para>The authors’ method allowed them to calculate the total travel time in the market that would be equivalent to the utility loss. Using industry estimates of the opportunity costs of driving, they find the dollar equivalent of the utility loss. The authors applied their approach to the cases of five recently closed hospitals, and they found the hospital closings provided a net welfare gain for the system.</para></sidebar>
<section id="ch06lev2sec20"><title id="ch06lev2sec20.title">Performance-Based Budgeting</title>
<para>Yaisawarng and Burgess (2006) report success in devising an application of hospital efficiency data to the financial reimbursement methods of the Veterans’ Administration hospital system. They have made a preliminary application to the hospitals, a method of payment to each hospital group in which the more efficient groups receive the highest payment. This provides healthier incentives, they argue, in contrast to the previous system where higher-cost hospitals received higher payment. If this works, it realizes a common dream for efficiency data, though it needs to overcome the skepticism generated by earlier research that found rankings of hospitals by efficiency scores to be sensitive to variations in estimation methods.<link linkend="ch06sb02" preference="1" type="forward"/></para></section></section>
<section id="ch06lev1sec4"><title id="ch06lev1sec4.title">Technological Changes and Costs</title>
<para>The rapid pace of technological change in the health care industry raises economic questions about the effects these changes will have. Technological change may reduce costs when it improves the productivity of health care resources, or it may increase costs when it improves the quality of care or introduces new and costlier products. Because it often raises costs in the health sector, many researchers hypothesize technological change to be the major contributor to health sector inflation. Zivin and Neidel (2010) also point out that some technologies are irreversible and adoption for the patient may preclude some future treatments, such as some treatments with antibiotics may lead to resistant strains.
Deep and widespread insurance coverage in the health sector may induce technological innovations of the type that increase costs. The effects on costs and the improvements to quality of care will depend on the diffusion of these new technologies to providers. Thus, patterns of diffusion have also become a critical subject of study. We investigate these issues in the remaining sections of this chapter.</para>
<section id="ch06lev2sec21"><title id="ch06lev2sec21.title">Technological Change: Cost Increasing or Decreasing?</title>
<para>Technological change necessarily entails an improvement either by providing less costly production methods for standard “old” products, or alternatively by providing new or improved products. In either case, it will be less expensive to produce a given output, holding quality constant. However, the mix of products and services sold may change in directions that raise the average cost of a patient day, a case treated, or a physician visit. Consequently, the total health care expenditure per capita may rise.</para>
<para><link linkend="fg06_00900" preference="1" type="forward">Figure <xref linkend="fg06_00900" label="6-9"><inst>6-9</inst></xref></link> illustrates these concepts. In panel A, we hold quality of care constant and illustrate the isoquants representing 100 cases before and after a technological change. The technological improvement in panel A shifts the isoquant inward. The firm chooses an efficient combination of inputs at point <emphasis>E</emphasis> and after the change at point <emphasis>E´</emphasis>. This change results in the attainment of a lower isocost curve for treating the 100 cases.</para>
<para>Panel B illustrates the introduction of a new technology that makes it possible to treat 100 cases with better health status outcomes, thus providing a higher quality of care. Improvements entailing new products or, as shown in panel B, improved quality of care, are beneficial to the consumer, but they may be more costly. This is illustrated by a shift outward of the 100-case isoquant, resulting in production on a higher and costlier isocost curve. The typical patient will pay more for care. In some cases where patients are heavily insured, we may question whether the change is worth it to patients when they pay increased insurance premiums, or to society as a whole.</para></section>
<section id="ch06lev2sec22"><title id="ch06lev2sec22.title">Health Care Price Increases When Technological Change Occurs</title>
<para>How do we measure the cost of a treatment when the treatment changes radically over a mere one or two decades? For example, heart attack treatment (myocardial infarction) changed substantially from 1975 to 1995. Some new effective inputs proved extremely inexpensive (see the feature on aspirin in <link linkend="ch06sb03" preference="1" type="forward">Box <xref linkend="ch06sb03" label="6-3"><inst>6-3</inst></xref></link>). Some materials did not exist in 1975, such as the intraortic balloon pump. Treatment practices changed; the average length of a hospital stay is now much shorter. Most important to the patient, the treatments are now more effective and have improved the length and quality of life for heart attack victims.</para>
<para>Treatment effectiveness improved, and in some cases less expensive inputs become available. Sometimes newly designed inputs were more costly than the ones they replaced. To see whether heart attack treatment in 1995 was more expensive per episode than in 1975, we must hold quality constant within the analysis.</para>
<sidebar id="ch06sb03" label="6-3" float="1" type="bx1"><inst>Box 6-3</inst>
<title id="ch06sb03.title">Aspirin, the Wonder Drug at a Bargain</title>
<para>References to prototypes of aspirin date back to the works of the Greek physician Galen. These references mentioned salicylate-containing plants, such as willow bark and wintergreen. We today usually attribute aspirin to the Bayer Company in Germany in the latter 1800s. Throughout its history, professionals praised aspirin for its excellent powers to relieve pain and fever (Andermann, 1996).</para>
<para>We think of this humble product as a cheap, over-the-counter drug that is widely available at a few pennies per dose. While fairly safe, it can have serious side effects with overdosing. Physicians, for many decades, said that “if aspirin had been proposed now as a new drug it would probably require a prescription.” While it is doubtless that it will remain an over-the-counter drug, it now seems like a new product. Because of new discoveries of its benefits to heart patients, its influence continues to expand.</para>
<para>This is reflected in various treatment regimens on heart outcomes. David Cutler found that the basic three regimens—intensive technologies, non-acute pharmaceuticals, and behavioral change—have approximately equal contributions to improved outcomes. The non-acute drugs (pharmaceuticals) include those to control hypertension, reduce cholesterol, treat pain, dissolve clotting, and thin the blood. Aspirin is an effective blood thinner and providers now regularly prescribe it as a preventative measure as well as to reduce the recurrence of heart attacks (Cutler, 2001).</para></sidebar>
<para>These are the essential problems of any price index. Consumers are familiar with the Consumer Price Index (CPI) which is used to measure inflation. A subset of this index focuses on medical care. In this case, the multiproduct character of hospital care can be confusing.</para>
<para>Until recently, hospital prices comprised selected components of hospital care. Room charge, nursing, lab, and other service centers each had a price index and then the results were combined into a hospital price index. Though useful, this approach often distorted the cost picture. For many years the room charge was weighted heavily, and as room charges soared, the index tended to exaggerate hospital price inflation. Even more confounding, hospital average length of stay declined rapidly in the United States, and the old price index neglected this savings. Although patients paid much more per day, it was offset in part by shorter stays. Political debate centered on these price indexes, causing considerable misunderstanding. The DRG legislation that Medicare installed in 1983 reflected in part the wide public concern that health care inflation was out of control.</para>
<para>A good example of making the needed adjustment is a study done by Cutler and colleagues (1999). They developed two myocardial infarction treatment price indexes that measure patient gains in quality-adjusted life-years (QALYs). They evaluated these gains in dollar terms, and allowing for errors, particularly in valuing life years, these authors proposed a range of price inflation estimates. Their research shows clearly that</para>
<orderedlist numeration="arabic" spacing="normal" inheritnum="ignore" continuation="restarts"><listitem><para><inst>
1.
</inst>Technological change makes a difference in patient lives.</para></listitem>
<listitem><para><inst>
2.
</inst>The fact that substantial quality improvement had previously been omitted meant that previous estimates of inflation in health care needed to be reduced.</para></listitem></orderedlist>
<para>How well are their ideas corroborated by the data? <link linkend="ch06table02" preference="1" type="forward">Table <xref linkend="ch06table02" label="6-2"><inst>6-2</inst></xref></link> indicates that technological change has improved the quality of heart attack treatment and that this quality adjustment can turn what at first looks like price inflation into one of price deflation. Their further research suggests that the true decline in the heart attack treatment price might be much larger than these figures.</para></section></section>
<table id="ch06table02" label="6-2" float="1" frame="none" prefix="Table"><title id="ch06table02.title"><inst>Table 6-2 </inst>Comparing the Unadjusted Approach with a Quality-Adjusted Measure of Price Increases of Treatment of Myocardial Infarction (1983–1994)</title><tgroup cols="2" colsep="0" rowsep="0" align="left"><colspec colnum="1" colname="c1" align="left" colwidth="350"/><colspec colnum="2" colname="c2" align="char" char="." colwidth="100"/><spanspec spanname="s1" namest="c1" nameend="c2" align="left"/>
	<thead><row><entry valign="top"><para>Index</para></entry>
	<entry valign="top"><para>Avg. Annual Price Changes</para></entry></row></thead>

	<tbody><row><entry valign="top"><para><emphasis role="strong">Unadjusted Indexes</emphasis></para></entry>
	<entry><para> </para></entry></row>

	<row><entry valign="top"><para>Official medical care CPI</para></entry>
	<entry valign="top"><para>3.4%</para></entry></row>

	<row><entry valign="top"><para>•
Hospital component</para></entry>
	<entry valign="top"><para>6.2</para></entry></row>

	<row><entry valign="top"><para>•
Room</para></entry>
	<entry valign="top"><para>6.0</para></entry></row>

	<row><entry valign="top"><para>•
Other inpatient services</para></entry>
	<entry valign="top"><para>5.7</para></entry></row>

	<row><entry valign="top"><para>Heart attack unadjusted episode approach<superscript><inst></inst>a<inst></inst></superscript></para></entry>
	<entry valign="top"><para>2.8</para></entry></row>

	<row><entry valign="top"><para><emphasis role="strong">Quality-Adjusted Indexes</emphasis></para></entry>
	<entry><para> </para></entry></row>

	<row><entry valign="top"><para>Quality (extra years of life)</para></entry>
	<entry valign="top"><para>1.5</para></entry></row>

	<row><entry valign="top"><para>Quality (extra QALYs)<superscript><inst></inst>b<inst></inst></superscript></para></entry>
	<entry valign="top"><para>1.7</para></entry></row>


<row class="2" role="tfoot"><entry spanname="s1"><note><para><superscript><inst></inst>a<inst></inst></superscript> Experts recognize that several alternatives are applied when selecting for analysis the market basket of goods and services whose inflation is to be measured. The table reports a fixed-basket method; the patient is assumed to purchase essentially the same combination of medical goods in each year studied. Chain indexes allow for the representative market basket to change over time, and therefore add realism. But, how frequently should the basket be recalibrated? When a 6-year calculation of the basket is used, the average annual percentage change becomes 2.1 percent; with an annual recalculation, it becomes 0.7 percent.</para>
<para><superscript><inst></inst>b<inst></inst></superscript> QALYs are quality-adjusted life years. This quality of treatment is the same as the previous one except for the additional consideration of the degree to which the patient is able to lead a full, active life in the years after treatment.</para></note>
<source><emphasis>Source:</emphasis> Adapted from Cutler et al. (2001). Reprinted with permission of University of Chicago Press.</source></entry></row></tbody></tgroup></table>
<section id="ch06lev1sec5"><title id="ch06lev1sec5.title">Diffusion of New Health Care Technologies</title>
<para>It takes time for a new product innovation to be widely adopted by providers. Some firms adopt rapidly, some slowly, and some not at all.</para>
<section id="ch06lev2sec23"><title id="ch06lev2sec23.title">Who Adopts and Why?</title>
<para>Those who study health technologies have found at least two basic principles that guide adopters: the profit principle and information channels. The first posits that physicians, for example, tend to adopt a new surgical technique if they expect to increase their revenues—this could happen through enhancing their prestige or by improving the well-being of their patients. The second is a compatible principle deriving originally from sociology, and it emphasizes the role of friends, colleagues, journals, and conferences in informing and encouraging the adoption decision.</para>
<para>Escarce (1996) emphasized the “information externalities” inherent in adoption by the first physician to adopt. An externality is the uncompensated, beneficial effect on a third person caused by the actions of a market, in this case, the actions of the first adopter. By adopting a technology, the physician communicates to friends and colleagues the expectation that the new product will benefit his or her patients and practice. The adopter paves the way for new infrastructure, new seminars, and library materials that reduce the cost of adoption for colleagues. The process tends to build on itself, perhaps at an increasing rate, until all the main body of potential adopters has acted, only then slowing the increase in total adopters until the community’s maximum potential is reached.</para>
<para>The data are consistent with this process; in many industries, adoption occurs slowly at first, then at an increasing rate that continues at a decreasing rate asymptotically approaching its limit. Compare this description in words with <link linkend="fg06_01000" preference="1" type="forward">Figure <xref linkend="fg06_01000" label="6-10"><inst>6-10</inst></xref></link>, which illustrates the classic pattern of diffusion as a logistic curve. A new data set is tested empirically by estimating the logistic function where <emphasis>P<subscript><inst></inst>t<inst></inst></subscript></emphasis> is the proportion of individuals or firms adopting by time <emphasis>t,</emphasis> where the maximum potential proportion of adopters is <emphasis>K,</emphasis> with parameters <emphasis>a</emphasis> and <emphasis>b</emphasis> to be estimated:</para>
<equation id="ch06eq02" label="6.2"><inst>
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(6.2)</inst></equation>
<para>Escarce’s data fit this time pattern quite well. He studied a new surgical procedure, laparoscopic cholecystectomy, introduced in 1989, which is a minimally invasive technique to remove diseased gall bladders. He found the diffusion curve to fit the logistic pattern common to diffusion studies. He then examined the differences between those who adopted and those who did not. Adopting surgeons were more likely to be younger, male, board-certified, U.S. medical school graduates, and urban-located. Younger individuals are more likely adopters. In fact, in one study older physicians proved less likely to adopt even though their expected gains in profit were much higher than for their younger counterparts (Rizzo and Zeckhauser, 1992). Others suggest that followers are more likely to emulate the “star” physicians, ones with the most impressive credentials (Burke et al., 2007).</para></section>
<section id="ch06lev2sec24"><title id="ch06lev2sec24.title">Other Factors That May Affect Adoption Rates</title>
<para>Economists believe that a firm will tend to adopt an innovation when the present value of future profits due to the innovation is positive. Waiting too long may provide competitors with an advantageous share of the market, which may be permanently sustained. However, waiting has benefits in that one may take advantage of future advances and learn from the experience of others. Waiting may reduce risks so more risk-averse firms may choose to wait somewhat longer. (For an introduction to the literature on hospital adoption of information systems, see McCullough, 2008.)</para>
<para>Sloan and colleagues (1986) found that mandatory rate-setting programs retard diffusion of technology in some cases, particularly in the instances of coronary bypass surgery, morbid obesity surgery, and intraocular lens implants. However, the degree of slowing tended to be small. Teplensky et al. (1995) conclude that restrictive rate-setting programs tend to retard significantly the adoption of new technology. Also, Caudill and colleagues (1995) report a slowing of the adoption of new blood dialysis technology when faced with restrictions on health care capital investment imposed by Certificate-of-Need (CON) legislation. CON laws, which are generally applied at the state level, require hospitals to gain approval from planning agencies when they wish to expand or to make a major capital purchase (we discuss them in more detail in <link olinkend="ch20" preference="0">Chapter <xref olinkend="ch20" label="20"><inst>20</inst></xref></link>).</para></section>
<section id="ch06lev2sec25"><title id="ch06lev2sec25.title">Diffusion of Technology and Managed Care</title>
<para>Managed care arrived with hopes that it would control health care expenditure increases by removing the financial incentives for physicians to overprescribe, overtreat, and overhospitalize their patients. The same flattening of incentives—no extra money for extra treatment—potentially dampens the physician’s interest in cost-increasing technological change. As we have seen throughout this chapter, the reduction in incentives must be expected to slow innovation and the adoption of innovative technologies. Although we address the ultimate effect of managed care on health care inflation elsewhere in this text, it is appropriate here to ask: “Does a higher penetration of managed care into the health system tend to slow the growth in availability of new technologies?”</para>
<para>The answers seem to be “yes” for some technologies and “no” for others. Baker (2001) compared penetration of HMOs with adoptions of a new technology, magnetic resonance imaging (MRI); he found a slowing of adoptions associated with HMOs. Baker and Phibbs (2000) found that greater HMO penetration also retarded the adoption of neonate intensive care. Hill and Wolfe (1997) examine a managed care-like system in Wisconsin. These authors reported time trends of adoptions for selected technologies, and the data suggest a retardation of several of the technologies but continued growth of several others. Friedman and Steiner (1999) investigated the availability of intensive care units and found no difference in admission rates under managed care versus fee-for-service care.</para></section></section>
<section id="ch06lev1sec6"><title id="ch06lev1sec6.title">Conclusions</title>
<para>This chapter examined issues on the supply side of health care. Health care is fundamentally a production process, and it shares many characteristics with economic production generally. The production function, which summarizes the relationship of inputs and outputs, also embodies the technology. Technology that permits substitution between inputs provides better flexibility to the manager. The neoclassical cost function derives from the theory of production together with the theory of profit-maximizing behavior. Cost estimation describes the cost curves, which identify the economies of scale and scope. Health care firms may fail to achieve allocative or technical efficiency, or both. These analyses search for differences between for-profit, not-for-profit, and other kinds of firms.</para>
<para>Health firms may differ in technology because the adoption of new technologies differs among firms and is never instantaneous. Technology improvements in health care production may either increase or decrease costs depending on their effect on quality. Both market structure and regulation can affect the speed at which innovations are adopted.</para></section></section><section id="ch06lev1rm" role="rm"><title id="ch06lev1rm.title"/><summary id="ch06sum01">
<title id="ch06sum01.title">Summary</title>
<orderedlist numeration="arabic" spacing="normal" inheritnum="ignore" continuation="restarts"><listitem><para><inst>
1.
</inst>Health care goods and services can frequently be produced in different ways in the sense that they use different combinations of factor inputs.</para></listitem>
<listitem><para><inst>
2.
</inst>The elasticity of substitution is used to measure substitution. It represents the percentage change in the ratio of factor inputs resulting from a 1 percent change in relative factor prices.</para></listitem>
<listitem><para><inst>
3.
</inst>Economists have found some substitution not only among different kinds of medical staff but even between hospital beds and medical staff, as well as with the application of the large variety of allied health professionals.</para></listitem>
<listitem><para><inst>
4.
</inst>The principles of cost minimization, as represented by the locus of tangencies between the firm’s isoquants and isocost curves, are used to derive the cost curves (total and average). Economies of scale refer to a declining long-run average cost. Economies of scope represent situations where the cost of producing goods jointly is less than the sum of the costs of separate production.</para></listitem>
<listitem><para><inst>
5.
</inst>Early empirical work on hospitals found evidence of economies of scale and an optimum size of about 250 beds. Several recent contributions find economies of scale that depend on the nature of the hospital.</para></listitem>
<listitem><para><inst>
6.
</inst>Technical inefficiency occurs when a firm fails to achieve the maximum potential output from a given set of inputs. It can be measured as a relative distance from the frontier production function or correspondingly as a distance from the isoquants of the frontier production function. Allocative inefficiency arises in the case of competitive input markets when a firm fails to purchase inputs, given their prices, in a manner that minimizes costs.</para></listitem>
<listitem><para><inst>
7.
</inst>We measure efficiency by frontier methods of two types. The data envelopment method estimates the frontier by statistically forming an envelope of data points representing production data. The stochastic frontier method estimates simultaneously a randomly shifting frontier and the firm’s distance from that frontier.</para></listitem>
<listitem><para><inst>
8.
</inst>Technological change in health care may reduce costs if it improves production technology of existing products or increase costs if it emphasizes new products and higher-quality versions of old products.</para></listitem>
<listitem><para><inst>
9.
</inst>New health care technologies are adopted gradually in an industry, and the pattern of adoption fits the logistic curve. Adoption patterns are influenced by regulation, age of the adopter, profitability, and channels of communication.</para></listitem></orderedlist></summary><problemset id="ch06ps01" role="qonly">
<supertitle id="ch06ps01.supertitle">Discussion Questions</supertitle>
<general-problem id="ch06ps01gen001" label="1" maxpoints="1"><inst>
1.
</inst><question id="ch06ps01q001"><para>Explain whether there is any difference between goals in maximizing output for a given cost or minimizing the cost of producing a given level of output.</para></question></general-problem>
<general-problem id="ch06ps01gen002" label="2" maxpoints="1"><inst>
2.
</inst><question id="ch06ps01q002"><para>What are cross-sectional data? Why do economists find it so critical to control for case mix in studying health care cost functions? What are the analytical dangers if they do not?</para></question></general-problem>
<general-problem id="ch06ps01gen003" label="3" maxpoints="1"><inst>
3.
</inst><question id="ch06ps01q003"><para>How do legal restrictions on practice for nurses and physicians tend to affect the observed elasticities of substitution? Would the elasticities be higher if legal restrictions were removed? Would quality of care be affected?</para></question></general-problem>
<general-problem id="ch06ps01gen004" label="4" maxpoints="1"><inst>
4.
</inst><question id="ch06ps01q004"><para>Given the cost function and economies of scale and scope information reviewed in this chapter, does a policy encouraging large, centralized hospitals seem wise? Will market forces tend to reward centralization of hospital services?</para></question></general-problem>
<general-problem id="ch06ps01gen005" label="5" maxpoints="1"><inst>
5.
</inst><question id="ch06ps01q005"><para>Speculate on what types of services are more appropriate to large, regional hospitals, and what types of services are more appropriate to small, local hospitals.</para></question></general-problem>
<general-problem id="ch06ps01gen006" label="6" maxpoints="1"><inst>
6.
</inst><question id="ch06ps01q006"><para>Economists define the elasticity of substitution as the percentage change in the capital/labor ratio elicited by a 1 percent change in the factor price (wages/capital costs, for example) ratio. Would you expect the elasticity of substitution to be positive or negative? What would be the elasticity of substitution of a set of right-angled isoquants? Why?</para></question></general-problem>
<general-problem id="ch06ps01gen007" label="7" maxpoints="1"><inst>
7.
</inst><question id="ch06ps01q007"><para>Contrast technical and allocative efficiency. How can technical and allocative inefficiency in health care firms affect patient welfare?</para></question></general-problem>
<general-problem id="ch06ps01gen008" label="8" maxpoints="1"><inst>
8.
</inst><question id="ch06ps01q008"><para>What does “stochastic” mean in stochastic frontier efficiency estimation? Give several real life examples of events that could shift the production frontier.</para></question></general-problem>
<general-problem id="ch06ps01gen009" label="9" maxpoints="1"><inst>
9.
</inst><question id="ch06ps01q009"><para>Which of the following types of technological change in health care are likely to be cost increasing: (a) threats of malpractice suits that cause physicians to order more diagnostic tests on average for a given set of patient symptoms; (b) a new computer-assisted scanning device that enables physicians to take much more detailed pictures of the brain; (c) the introduction of penicillin earlier in this century; (d) greater emphasis on preventive care? Discuss.</para></question></general-problem>
<general-problem id="ch06ps01gen010" label="10" maxpoints="1"><inst>
10.
</inst><question id="ch06ps01q010"><para>As technologies diffuse, why do some firms adopt them before others? What types of technologies would you expect to be adopted most quickly? Most slowly? What factors can slow the rate of diffusion of new medical technologies?</para></question></general-problem></problemset><problemset id="ch06ps02" role="qonly">
<supertitle id="ch06ps02.supertitle">Exercises</supertitle>
<general-problem id="ch06ps02gen001" label="1" maxpoints="1"><inst>
1.
</inst><question id="ch06ps02q001"><para>Draw an isoquant that shows relatively little substitution between two factor inputs and one that shows relatively large substitution. Let the vertical axis represent capital and let the horizontal axis represent labor.</para></question></general-problem>
<general-problem id="ch06ps02gen002" label="2" maxpoints="1"><inst>
2.
</inst><question id="ch06ps02q002"><para>Draw isocost curves that are tangent to your isoquants in Exercise 1 and that each have the same slope. Mark the points of tangency and note the capital/labor ratio. Draw new, flatter isocost curves that are tangent, again each having the same new slope. Mark the points of tangency and note the capital/labor ratio. In which case is the change in the capital/labor ratio greater? Which will have a higher elasticity of substitution?</para></question></general-problem>
<general-problem id="ch06ps02gen003" label="3" maxpoints="1"><inst>
3.
</inst><question id="ch06ps02q003"><para>Determine the elasticity of substitution in the case of the isoquant in panel A of <link linkend="fg06_00100" preference="0" type="backward">Figure <xref linkend="fg06_00100" label="6-1"><inst>6-1</inst></xref></link>.</para></question></general-problem>
<general-problem id="ch06ps02gen004" label="4" maxpoints="1"><inst>
4.
</inst><question id="ch06ps02q004"><para>Suppose a firm has the production technology shown below for Goods 1 and 2.</para>
<orderedlist numeration="loweralpha" spacing="normal" inheritnum="ignore" continuation="restarts"><listitem><para><inst>
(a)
</inst>Does Good 1 indicate economies of scale? Why?</para></listitem>
<listitem><para><inst>
(b)
</inst>Does Good 2 indicate economies of scale? Why?</para></listitem>
<listitem><para><inst>
(c)
</inst>Do the two goods indicate economies of scope? Why?</para></listitem></orderedlist><link linkend="informaltable0" preference="1" role="generated"/></question></general-problem>
	<informaltable id="informaltable0" frame="none" float="0"><tgroup cols="7" colsep="0" rowsep="0" align="left"><colspec colnum="1" colname="c1" align="left" colwidth="60"/><colspec colnum="2" colname="c2" align="left" colwidth="60"/><colspec colnum="3" colname="c3" align="left" colwidth="60"/><colspec colnum="4" colname="c4" align="left" colwidth="60"/><colspec colnum="5" colname="c5" align="left" colwidth="60"/><colspec colnum="6" colname="c6" align="left" colwidth="60"/><colspec colnum="7" colname="c7" align="left" colwidth="60"/><thead><row><entry><para>Good 1 </para></entry><entry><para></para></entry>
	<entry valign="top"><para>Good 2</para></entry><entry><para> </para></entry>
	<entry valign="top"><para>Both</para></entry>

	<tbody><row><entry valign="top"><para>Q1</para></entry>
	<entry valign="top"><para>Cost</para></entry>
	<entry valign="top"><para>Q2</para></entry>
	<entry valign="top"><para>Cost</para></entry>
	<entry valign="top"><para>Q1</para></entry>
	<entry valign="top"><para>Q2</para></entry>
	<entry valign="top"><para>Cost</para></entry></row>

	<row><entry valign="top"><para>10</para></entry>
	<entry valign="top"><para>50</para></entry>
	<entry valign="top"><para>10</para></entry>
	<entry valign="top"><para>60</para></entry>
	<entry valign="top"><para>10</para></entry>
	<entry valign="top"><para>10</para></entry>
	<entry valign="top"><para>100</para></entry></row>

	<row><entry valign="top"><para>20</para></entry>
	<entry valign="top"><para>100</para></entry>
	<entry valign="top"><para>20</para></entry>
	<entry valign="top"><para>100</para></entry>
	<entry valign="top"><para>20</para></entry>
	<entry valign="top"><para>20</para></entry>
	<entry valign="top"><para>180</para></entry></row>

	<row><entry valign="top"><para>30</para></entry>
	<entry valign="top"><para>150</para></entry>
	<entry valign="top"><para>30</para></entry>
	<entry valign="top"><para>130</para></entry>
	<entry valign="top"><para>30</para></entry>
	<entry valign="top"><para>30</para></entry>
	<entry valign="top"><para>250</para></entry></row></tbody></tgroup></informaltable>


<general-problem id="ch06ps02gen005" label="5" maxpoints="1"><inst>
5.
</inst><question id="ch06ps02q005"><para>If any firm’s price of labor and capital each double, what will happen to the expansion path (i.e., locus of tangencies between the isoquants and isocost curves)? What will happen to the firm’s average cost curve?</para></question></general-problem>
<general-problem id="ch06ps02gen006" label="6" maxpoints="1"><inst>
6.
</inst><question id="ch06ps02q006"><para><link linkend="fg06_00500" preference="0" type="backward">Figure <xref linkend="fg06_00500" label="6-5"><inst>6-5</inst></xref></link>, panel A, illustrates technical inefficiency for firms with a one-input production function. It was explained that inefficiency could be measured by output distance or, alternatively, input reduction distance. Sketch and explain the comparable measures for the two-input production function.</para></question></general-problem>
<general-problem id="ch06ps02gen007" label="7" maxpoints="1"><inst>
7.
</inst><question id="ch06ps02q007"><para>In Escarce’s account of diffusion, do improved “channels of information” matter regardless of the information content? Does all information increase the adoption rate? If not, what information does?</para></question></general-problem>
<general-problem id="ch06ps02gen008" label="8" maxpoints="1"><inst>
8.
</inst><question id="ch06ps02q008"><para>Calculate the average costs at points <emphasis>C, F,</emphasis> and <emphasis>G</emphasis> in <link linkend="fg06_00200" preference="0" type="backward">Figure <xref linkend="fg06_00200" label="6-2"><inst>6-2</inst></xref></link>. Do they imply increasing or decreasing returns to scale? Why?</para></question></general-problem></problemset></section></chapter></etmfile>
<figure id="fg06_00100" label="6-1" float="1" prefix="Figure"><inst>Figure 6-1  </inst><mediaobject float="0"><imageobject><imagedata fileref="FG_06_001.eps" width="256" depth="256"/></imageobject><caption><para>Degree of Substitution Between Physicians and Nurses</para></caption></mediaobject></figure>
<figure id="fg06_00200" label="6-2" float="1" prefix="Figure"><inst>Figure 6-2  </inst><mediaobject float="0"><imageobject><imagedata fileref="FG_06_002.eps" width="256" depth="256"/></imageobject><caption><para>Production Function for a Hypothetical Physician Practice</para></caption></mediaobject></figure>
<figure id="fg06_00300" label="6-3" float="1" prefix="Figure"><inst>Figure 6-3  </inst><mediaobject float="0"><imageobject><imagedata fileref="FG_06_003.eps" width="256" depth="256"/></imageobject><caption><para>The Long Run Average Cost Function</para></caption></mediaobject></figure>
<figure id="fg06_00400" label="6-4" float="1" prefix="Figure"><inst>Figure 6-4  </inst><mediaobject float="0"><imageobject><imagedata fileref="FG_06_004.eps" width="256" depth="256"/></imageobject><caption><para>The Case-Mix Issue</para></caption></mediaobject></figure>
<figure id="fg06_00500" label="6-5" float="1" prefix="Figure"><inst>Figure 6-5  </inst><mediaobject float="0"><imageobject><imagedata fileref="FG_06_005.eps" width="256" depth="256"/></imageobject><caption><para>Technical Efficiency and Inefficiency at the Firm Level</para></caption></mediaobject></figure>
<figure id="fg06_00600" label="6-6" float="1" prefix="Figure"><inst>Figure 6-6  </inst><mediaobject float="0"><imageobject><imagedata fileref="FG_06_006.eps" width="256" depth="256"/></imageobject><caption><para>Technical Allocative Efficiency</para></caption></mediaobject></figure>
<figure id="fg06_00700" label="6-7" float="1" prefix="Figure"><inst>Figure 6-7  </inst><mediaobject float="0"><imageobject><imagedata fileref="FG_06_007.eps" width="256" depth="256"/></imageobject><caption><para>The Data Envelopment Method</para></caption></mediaobject></figure>
<figure id="fg06_00800" label="6-8" float="1" prefix="Figure"><inst>Figure 6-8  </inst><mediaobject float="0"><imageobject><imagedata fileref="FG_06_008.eps" width="256" depth="256"/></imageobject><caption><para>The Stochastic Frontier Method</para></caption></mediaobject></figure>
<figure id="fg06_00900" label="6-9" float="1" prefix="Figure"><inst>Figure 6-9  </inst><mediaobject float="0"><imageobject><imagedata fileref="FG_06_009.eps" width="256" depth="256"/></imageobject><caption><para>Cost-Decreasing and Cost-Increasing Technological Change</para></caption></mediaobject></figure>
<figure id="fg06_01000" label="6-10" float="1" prefix="Figure"><inst>Figure 6-10  </inst><mediaobject float="0"><imageobject><imagedata fileref="FG_06_010.eps" width="256" depth="256"/></imageobject><caption><para>The Diffusion of a New Technology</para></caption></mediaobject></figure>
� <footnote id="ch06fn01" label="1"><inst></inst><para>The new ratio is 99 physicians to 105 nurses, or 0.94.</para></footnote>


� <footnote id="ch06fn02" label="2"><inst></inst><para>Work by Olesen and Petersen (2002) promises to provide ways to incorporate large numbers of hospital outputs into fewer output measures.</para></footnote>


� <footnote id="ch06fn03" label="3"><inst></inst><para>Hornbrook and Monheit (1985) study the importance of case mix. From data for 380 hospitals, they found that larger-scale hospitals in their sample tended to admit case mixes with relatively shorter lengths of stay.</para></footnote>


� <footnote id="ch06fn04" label="4"><inst></inst><para>See Fare and Lovell (1978) for economic applications of the DEA approach.</para></footnote>


� <footnote id="ch06fn05" label="5"><inst></inst><para>Psychiatric hospitals (Mark, 1996), nursing homes (Kooreman, 1994a; Vitaliano and Toren, 1994); group homes (van Lear and Fowler, 1997), physician clinics (Defelice and Bradford, 1997; Gaynor and Pauly, 1990) and physicians working in hospitals (Chilingerian, 1995) also have been studied.</para></footnote>
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