
Measuring teaching intensity 
with the resident-to-average 
daily census ratio by Stephen M. Phillips 

This article analyzes a change in the measure of 
teaching intensity when calculating Medicare's indirect 
medical education (!ME) adjustment: It looks at the 
potential for replacing, in the denominator of the ratio, 
beds with the average daily census (ADC). Among the 
findings are: (1) Hospitals with small teaching 
programs would benefit from this switch more than 
hospitals with larger programs because of their 
generally lower occupancy rates, (2) The adjustment 

formula currently used for the capital prospective 
payment system (PPS) would alleviate this effect 
relative to the adjustment formula used/or the 
operating PPS, (3) Although ADC appears to vary 
more on average, the weighted average rates ofchange 
in the resident~to-ADC ratiosfor a matched group of 
teaching hospitals are equal to the rates ofchange for 
the resident-to-bed ratios. 

Introduction 

Currently, Medicare provides for an add-on payment 
under the prospective payment system (PPS) to 
teaching hospitals for their higher costs stemming from 
graduate medical education. This payment, known as 
the indirect medical education (IME) adjustment, is 
calculated using a formula based on the ratio of 
teaching intensity, where the numerator is the number 
of residents working at the hospital and the 
denominator is either beds (for the operating PPS) or 
the average daily census (ADC) (for the capital PPS). 
Using this formula permits a comparison of hospitals of 
unequal size but with similar levels of teaching 
intensity. When the IME adjustment for capital costs 
was instituted with cost reporting periods beginning on 
or after October 1, 1991, ADC was selected as the 
denominator for the ratio, in part based on some of the 
analysis reported here. This article reports on the first 
comprehensive review of the impacts of using the 
resident-to-ADC ratio instead of the residenHo-bed 
ratio to measure teaching intensity for the IME 
adjustment under Medicare. 

Both the Department of Health and Human Services 
(DHHS) and the Prospective Payment Assessment 
Commission (ProPA C) are on record as supporting a 
single IME adjustment for both the operating and 
capital PPS (Federal Register, 1992; Prospective 
Payment Assessment Commission, I992b). However, 
DHHS supports adopting the capitallME adjustment 
formula, including the resident-to-ADC ratio, and 
ProPAC supports using the operating IME adjustment 
fonnula with the resident~to-bed ratio as the measure of 
teaching intensity. 

Purpose 

Interest in a measure that is an alternative to beds 
stems partly from the view that the IME adjustment 
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could be better targeted by basing it on the numerical 
relationship between residents and patients, and partly 
from administrative difficulties associated with using 
beds in the denominator. Analysis of residents' 
activities indicates that most of their training time is 
spent in patient care (Arthur Young and Co., 1986). 
Therefore, the numerical relationship between residents 
and patients should more directly reflect teaching 
intensity than would be indicated by the relationship 
between residents and the hospital size. 

The degree to which the resident-to-bed ratio 
approximates the resident-to-patient relationship 
depends on a hospital's occupancy rate. To illustrate via 
two extreme examples, the resident-to-bed ratio of a 
teaching hospital with a 99-percent occupancy rate 
would closely approximate the hospital's resident-to
patient ratio; on the other hand, the resident-to-bed 
ratio for a teaching hospital with an occupancy rate of 
10 percent would understate its resident-to-patient 
ratio. 

Administrative difficulties with determining hospital 
bed size (number of beds) have also sparked interest in 
an alternative measure. Questionable situations that 
would be resolved by adopting the resident-to-ADC 
ratio are whether beds should be counted when a wing is 
under construction; whether the days a bed is 
unavailable for use because it is located in a double 
room occupied by a patient in isolation should be 
deducted from the number of available bed days; and 
whether beds in storage should be counted as available. 

When the IME adjustment was initiated in 1980, 
DHHS selected the resident-to-available bed ratio as the 
measure of teaching intensity over the resident-to-ADC 
ratio; there was concern that the latter would be too 
unstable because of fluctuations in use (Federal 
Register, 1980). Additionally, in response to DHHS' 
proposal to change the method used to determine 
available beds, one commenter suggested that using 
ADC is preferable because the data are readily available 
and an additional calculation would not be necessary 
(Federal Register, 1985). In its response, DHHS pointed 
out that it would consider this approach and others as 
more data became available. 

For purposes of the ratio, an available bed is one that 
is available for use and housed in patient rooms or 
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wards (Health Care Financing Administration, 1988). 
Thus, beds that meet the definition for availability are 
counted whether or not they are occupied. Over time, 
however, uncertainties have arisen over when a bed is 
considered available. In a report on what it describes as 
"weaknesses in data used to calculate" the IME 
adjustment, the U.S. General Accounting Office 
(GAO) found that bed-counting practices varied 
"widely among hospitals and intermediaries" 
(Comptroller General of the United States, 1991). The 
GAO report also supports changing the definition to 
occupied beds, which it calls a verifiable statistic. 

An illustration of the difficulty in determining 
whether beds are available is a situation where a 
hospital takes a wing out of service for renovation. As a 
guide to whether or not the beds could be considered 
available, HCFA has issued instructions that they 
should be counted if the wing is included as part of the 
hospital's depreciable assets during the renovation and 
could be staffed within 24-48 hours (Blue Cross and 
Blue Shield Association, 1988). Nevertheless, HCFA's 
fiscaJ intermediaries need to determine whether both of 
these criteria are met. 

Replacing available beds with occupied beds in the 
denominator would provide a conceptually simpler 
variable for implementation purposes, both for 
hospitals and for fiscal intermediaries. That is, counting 
only occupied beds avoids the sometimes difficult 
question of whether a bed can be made available for 
occupancy, thereby improving the consistency of the 
policy. Subject to the same exclusions as available beds 
(e.g., beds in units of a hospital that are not paid under 
PPS, such as psychiatric units, are not counted), beds 
are either occupied and counted, or not occupied and 
not counted. 

Previous analysis 

Most of the anaJysis concerning the IME adjustment 
has centered around the statisticaJ estimate of 
teaching's impact on operating costs, how this estimate 
should be made, and the degree to which the adjustment 
should reflect this estimate in light of other public 
policy objectives. The current operating IME 
adjustment increases approximately 7.65 percent for 
every 10 percent increase in the IME adjustment. This 
level was set by the Omnibus Budget Reconciliation Act 
of 1987, and is based on U.S. Congressional Budget 
Office (CBO) estimates of the effect of teaching on 
Medicare inpatient operating costs at that time. For the 
capita] PPS, the IME adjustment increases at a rate of 
approximately 2.82 percent for every 10 percent 
increase in the resident-to-ADC ratio. This adjustment 
is set forth in the Medicare regulations at 
42 CFR 412.322 rather than by statute. 

All recent analyses of the relationship between 
teaching intensity and operating costs have indicated 
that the actual cost effect is currently less than that 
reflected by the present level of the operating IME 
adjustment. Recently, ProPAC estimated the 
relationship to be 5.7 percent using PPS6 cost data and 
fiscal year (FY) 1992 payment rules (Prospective 

Payment Assessment Commission, 1992a). 1 However, 
ProPAC did not control for the effect on costs of a 
disproportionate share of low-income patients, which is 
recognized by PPS through a payment adjustment. 
Controlling for this effect yields a much smaller 
estimate. The article by O'Dougherty et al., (1992) in 
this issue of Health Care Financing Review discusses the 
results of statisticaJ analysis of the effects of teaching, 
in conjunction with a single standard rate system. Using 
the resident-to-ADC ratio, the estimated relationship is 
3.06 percent. The corresponding estimate using the 
resident-to-bed ratio is 4.50 percent. 

Despite the evidence that the current level of the IME 
adjustment overestimates the effect of teaching on 
costs, the level of the adjustment has not been changed 
by Congress since 1987. One reason is that, despite the 
high positive Medicare operating payment-to-cost 
relationships of major teaching hospitals, their overall 
payment-to-cost relationships are below average 
(Prospective Payment Assessment Commission, 1992b). 
Concern about the poor overaJI financiaJ situation of 
large teaching hospitals reflects the fact that these 
hospitals are most likely to be confronted with 
health-related social problems associated with their 
predominant location in inner-city areas, such as 
treating large numbers of medically uninsured patients. 
Given the genera] desire to maintain some level of 
access to care for the uninsured, the IME adjustment 
has come to be viewed as a subsidy payment to teaching 
hospitals. 

In fact, it has always been viewed that way to some 
extent. In passing the PPS legislation, Congress 
expressed doubts about the new system's ability to 
account fully for the higher costs of teaching hospitaJs, 
and set the adjustment at double the estimated level of 
the teaching effect. Furthermore, the specification of 
the estimating model itself involves a decision about the 
degree to which one wishes to isolate the true effect of 
teaching separate from other factors generally 
associated with teaching hospitals. Thorpe (1988) and 
Sheingold (1990) illustrated the variant results that 
occur depending on the specification of the model. 
Thorpe pointed out that by limiting the variables used 
in the model to PPS payment parameters, the cost 
effects of factors associated with teaching hospitals but 
not directly related to teaching are loaded onto the 
estimate. Basing the adjustment on an estimate that 
controls for all of the factors affecting variation in 
hospitals' costs would result in a substantiaJly lower 
estimated teaching effect. Sheingold described the 
choice of a preferred model as being dependent on "the 
goals and objectives set forth by policymakers" 
(Sheingold, 1990). 

This issue of payment equity between teaching and 
non-teaching hospitals relative to their respective costs 
has been the focus of most past analyses. Much less 
attention has been paid to the equity of the distribution 

IPPSI, PPS2, PPS3, etc., refer to the respective years since the 
besinnins of PPS during FY 1984. For instance, PPSI corresponds 
with FY 1984, and PPS7 corresponds with FY 1990, the latest year for 
which Medicare cost report data are senerally available. 
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of IME payments among teaching hospitals. An 
exception is Welch's article (1987) which argues that the 
first 10 or 15 residents per 100 beds provide services that 
relieve the demand for attending physicians, and 
therefore these residents should not be included in the 
resident count used to determine the adjustment. 
Another exception is Sheingold's research that tested 
for a threshold level of the resident-to-bed ratio at 
which the effects on costs become significant 
(Sheingold, 1990). He examined ratios in increments of 
0.1 through 0.5, and lumped together hospitals with 
ratios greater than 0.5. Sheingold found that ''there 
does not appear to be a threshold level of the (ratio] at 
which the indirect-teaching effect becomes significant 
... Rather, it appears that statistically significant cost 
effects exist throughout its range" (Sheingold, 1990). In 
his article, Welch acknowledged this absence of a 
threshold effect, hypothesizing that characteristics 
other than the actual education of residents may 
account for the higher costs of low-intensity teaching 
hospitals. Although the issue of a threshold effect is not 
taken up here, the potential refinements represented by 
the resident-to-ADC ratio may provide an avenue for 
further investigation. 

Analytical approach and issues 

This article explores distributional equity among 
teaching hospitals by reviewing the potential for 
improving the measure of teaching intensity. In order to 
evaluate the impact that switching to the resident-to
ADC ratio may have on IME payments, the analysis 
uses estimates of the effect of teaching on costs 
measured using both the resident-to-bed ratio and the 
resident-to-ADC ratio. These estimates are used to 
calculate IME adjustments using both ratios. Because 
Medicare now pays two different IME adjustments, 
four estimates are made, one for both ratios 
corresponding to the operating and capital IME 
adjustments. 

The formula used to calculate the current operating 
IME adjustment is: 

4051.89 x ((I + resident-to-bed ratio)0 
· - 1). 

This formula results in the current adjustment of 
approximately a 7.65 percent increase for every 
10 percent increase in the resident-to-bed ratio. It is 
approximate because the adjustment results in a smaller 
marginal increase as the ratios increase. For example, 
using this formula, a resident-to-bed ratio of O.lOyields 
an operating IME adjustment factor of0.0744, a ratio 
of0.20 yields an adjustment factor of0.1448, and a 
ratio of 0.40 yields 0.2759. 

The current IME adjustment formula under the 
capital PPS is as follows: 

e raised to the power (0.2822 X resident-to-ADC ratio) 
- [, 

wheree is the natural antilog of 1 (or 2.71828), and 
0.2822 is the estimated impact on hospitals' total costs 
(operating and capital) of a teaching program. Under 

the capital IME specification, the rate of increase in the 
adjustment grows larger as the level of the ratio rises. 

Switching to the resident-to-ADC ratio has 
potentially important implications for the size and 
distribution of IME payments. Since the current level of 
the operating adjustment is based on an estimate using 
beds in the denominator, changing to ADC would 
necessitate re-estimating the level of the adjustment 
using the resident-to-ADC ratio. Because all recent 
estimates of the effect of teaching on costs are below the 
current 7.65 percent level of the operating IME 
adjustment, this re-estimation would result in a 
reduction in the level of the adjustment. Hospitals 
whose resident-to-ADC ratios are significantly higher 
than their resident-to-bed ratios may benefit from the 
switch despite the lower level of the adjustment because 
of their much higher ratios. In fact, mainly because of 
the beneficial impact on this group of hospitals, the 
overall IME payments would be slightly higher using 
the resident-to-ADC ratio. 

At the other end of the spectrum, however, hospitals 
with high occupancy rates stand to lose because their 
resident-to-ADC ratios are not large enough to 
compensate for a lower adjustment. This is particularly 
an issue in today's health policy environment, as many 
of the largest teaching hospitals, which are often on the 
front lines in addressing such needs as caring for the 
medically uninsured, fall into this group. The analysis 
that follows indicates that if a switch to ADC were 
made for the operating IME adjustment, 
simultaneously adopting the capital IME adjustment 
formula specification for the operating adjustment 
would alleviate the potential adverse impacts on this. 
group of hospitals. This results from the increasing 
marginal rate of change in the adjustment factors as the 
ratio rises. Because high occupancy teaching hospitals 
also tend to have higher ratios under both measures, 
they would benefit more from the capital adjustment 
formula. 

Another issue discussed later is the year-to-year 
stability of ADC compared with beds. It is desirable 
from the standpoint of hospitals and the Medicare 
program that the level of IME payments be fairly stable 
and predictable because excessive fluctuation in the 
measure of teaching intensity would hamper budgeting 
efforts. Concern about the stability of ADC hinges on 
its susceptibility to random fluctuations. The following 
analysis indicates that ADC is somewhat more variable 
over time than beds, although the rate of change in the 
resident-to-ADC ratios from PPSl to PPS7 is equal to 
that for beds. 

Data and methodology 

The data used in this analysis were taken from the 
Medicare Hospital Cost Reports on the Health Care 
Provider Cost Report Information System and the 
provider specific files which are maintained by HCFA. 
The resident-to-bed ratios used in the regressions are 
from the provider specific file. The resident-to-ADC 
ratios used in the regressions were calculated by first 
multiplying the resident-to-bed ratios from the provider 
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specific file by the number of available beds reported on 
the cost reports to determine the number of residents. 
Hospitals' ADCs were determined by dividing total 
inpatient days, in areas of the hospital paid under PPS 
as reported on the cost report, by the number of days in 
the cost reporting period. 

The cost data used in the regressions come from 
hospitals' PPS5 and PPS6 (FYs 1988 and 1989) cost 
reports. A dummy variable is included to control for 
inflation. The logged values of total Medicare costs 
(operating and capital) are used as the dependent 
variable in all of the regressions. This is consistent with 
the stated positions of DHHS and ProPAC that the 
operating and capital IME adjustments should 
ultimately be combined into a single adjustment. Total 
costs are standardized by the case-mix index 
corresponding with the year from which the data are 
taken. Besides the teaching intensity variables, the 
independent variables that are included in the 
regressions are the logged value of the area wage index, 
the percentage of low-income patients for urban 
hospitals with 100 or more beds, and dummy variables 
for location in either large urban or other urban areas. 
For rural hospitals and urban hospitals with fewer than 
100 beds, a value of 0 is assigned to the independent 
variable representing the percentage of low income 
patients. This corresponds with the specification for the 
disproportionate-share adjustment under the capital 
PPS. 

The estimate of the relationship between teaching and 
costs is affected by the choice of factors included in the 
regression model except for teaching intensity. The 
regressions examined later are primarily intended to 
facilitate a comparison between the two denominators 
rather than to estimate the appropriate level of the 
adjustment. Therefore, the independent variables 
besides the teaching variable are specified in the same 
way across all of the regressions. This eliminates the 
interactive effects between varying specifications of the 
IME and disproportionate-share adjustment variables, 
for instance. 

The teaching variables in the regressions are specified 
two different ways, corresponding with the different 
specifications used to estimate the operating and capital 
adjustments. The specification of the teaching variable 
used in the regression analysis for the operating lME 
adjustment was in the form: 

the natural log of U, + resident-to-bed ratio) 

This is the first specification used in the regressions 
below, first with beds in the denominator and then with 
ADC. For simplicity, it is referred to as the operating 
specification. To remove any impact on the estimate 
where the constant (1 in the previous specification) is 
added to the ratio to avoid taking the natural log of 0 
(which is undefined) for non-teaching hospitals, the 
specification used in determining the estimate for the 
capital IME was simply the unlogged value of the 
resident-to-ADC ratio. This is the second specification 
of the teaching variable employed later, and it is 
referred to as the capital specification. 

The coefficients resulting from these regressions are 
then used to calculate adjustment factors with the 
corresponding formulas currently used for the 
operating and the capital adjustments. To calculate 
adjustment factors using the operating adjustment 
formula, the formula is revised to set 1.89 equal to 1, 
and 0.405 is set equal to the coefficient corresponding 
to the intensity measure that is used. That is, if the 
resident-to-ADC ratio is being used to determine the 
adjustment factor, 0.405 in the equation is replaced by 
the coefficient resulting from the operating 
specification using the resident-to-ADC ratio. To 
calculate IME adjustment factors using the capital 
adjustment formula, the coefficient corresponding with 
whichever ratio is employed is substituted for 0.2822. 
This coefficient is estimated using the capital 
specification as previously described. 

For a comparison of hospitals' available beds, ADCs, 
and ratios during the period from PPSl through PPS7, 
data from the cost report files were used. It is worth 
noting, however, that the resident-to-bed ratio used for 
payment purposes is not taken from the cost report but 
is reported separately by HCFA's fiscal intermediaries 
on the provider specific file. There is some variation 
between the ratios determined based on data from the 
Medicare cost reports and data that are used to compute 
a hospital's IME adjustment factor. These data were 
used for the descriptive comparisons because the 
provider specific file does not contain historical data or 
hospitals' ADCs. 

Impact by program size 

As previously noted, switching to the resident-to
ADC ratio would lead to a larger relative portion of 
IME payments going to small programs because of the 
lower occupancy rates of these programs. Because ADC 
is actually a measure of occupied beds, multiplying 
available beds by the occupancy rate results in ADC. 
The lower the occupancy rate, the lower ADC will be 
relative to beds and, conversely, the higher the resident
to-ADC ratio will be relative to the resident-to-bed 
ratio. 

Table 1 displays the average resident-to-ADC and 
resident-to-bed ratios for hospitals grouped by their 
numbers of residents, and the average occupancy rates 
for each group. The averages are weighted by PPS 
payments to illustrate the relative budget impacts. 
Hospitals with the smallest graduate medical education 
programs would experience the largest percentage 
increase in their average ratios (57 .9 percent) by moving 
from the resident-to-bed ratio to the resident-to-ADC 
ratio. This can be attributed to the fact that this group 
of hospitals has an average occupancy rate of 
67.3 percent, well below that of the other hospital 
groups. The average resident-to-bed ratio for hospitals 
with fewer than SO residents is 0.057, and the average 
resident-to-ADC ratio for this group of hospitals is 
0.090. Among hospitals with more than 301 residents, 
the average resident-to-bed ratio is O ..S70 and the 
average resident-to-ADC ratio is 0.717. 
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To more fully evaluate the effect of this 
phenomenon, the payment impacts of switching to 
ADC were analyzed. Payments for IME are affected by 
both the level of the adjustment factor and the values of 
the ratios. Although the resident-to-ADC ratios are 
higher than the resident-to-bed ratios, the regression 
coefficients for teaching are lower when using the 
resident-to-ADC ratio. Analysis of the capabilities of 
the two measures to predict cost variation indicates that 
they perform similarly, however, as discussed later. The 
higher resident-to-ADC ratios and the lower 
coefficients will offset each other in terms of their 
payment effects. 

In order to simulate the payment impacts of 
switching to the resident-to-ADC ratio and to compare 
these impacts with using the resident-to-bed ratio, it was 
necessary to determine comparable adjustment factors. 
To do this, four regressions were performed, using both 
ratios and the operating and capital specifications. 
Table 2 shows the resulting coefficients and t-statistics 
for the various specifications of the teaching variable 
(the coefficient values of the other variables conformed 
to expectations and varied little across the alternative 
specifications). The smaller coefficients using the 
resident-to-ADC ratio are illustrated here. The teaching 
coefficients are: with beds, 0.4383 using the operating 
specification and 0.3552 using the capital specification; 
and, with ADC, 0.3674 using the operating 
specification and 0.2824 using the capital specification. 
Although the coefficients are lower when ADC is used, 
the t-statistics are slightly higher. To calculate IME 

adjustment factors, these coefficients are substituted 
into the current operating and capital IME adjustment 
formulas as previously described in the methodology 
section. To illustrate using these coefficient values, to 
calculate adjustment factors using the resident-to-ADC 
ratios and the operating IME formula, the formula 
would be: 

I x ([I + resident-to-ADC ratiot·3674 
- 1)

Alternatively, to calculate adjustment factors using the 
resident-to-bed ratios and the capital IME formula, the 
formula would be: 

e raised to the power (0.3552 x resident-to-bed ratio) - I. 

Table 3 compares the effects of using both ratios with 
their corresponding re-estimated coefficients on 
hospitals' IME adjustment factors. It shows the 
weighted (by PPS payments) average IME payment 
adjustment factors under the current 7.65 percent 
adjustment rate using beds as a denominator, and the 
weighted average lME adjustment factors using the 
operating and capital formulas and both ratios for 
hospitals grouped by their numbers of residents 
(Table 1). The averages are weighted by PPS payments 
to indicate the actual IME payment impacts on the 
various hospital groups. The current law capital 
adjustment factors are equal to those under the capital 
specification using the resident-to-ADC ratio, therefore 
they are not shown separately. The IME adjustment 
factors represent the average per case add-on factor a 

Table 1 
Comparison of resident-to-bed and resldent-to-ADC ratios, and occupancy rates for teaching 

hospitals, by number of residents 
Mean Mean Mean 

Number of Number resident to-bed resident-to-day occupancy 
residents of hospitals ratio ratio rate in percents 

1-50 844 0.057 0.090 67.3 
51-100 137 0.173 0.238 75.1 
101-150 75 0.260 0.337 80.5 
151-200 45 0.344 0.451 77.8 
201-300 55 0.450 0.571 78.3 
301 or more 52 0.570 0.717 80.2 
NOTE: AOC Is average daily census 

SOURCE: Health Cate Financing Administration, Bureau of Policy Development: Health CaFe Provider Cost Report Information System me. Data from fiscal year 
1990. 

Table 2 
Regressions of total Medicare costs per case using resident-to-bed and resldent-to-averaQe daily 

census (ADC) ratios 
Operating specification' capital specification2 

Variable ADC Beds ADC 

Resident-to-bed 
(t-statistlc) 

0.4383 
(11.805) 

0.3552 
(11.669) 

Resident-to-ADC 
(t·stalistlc) 

0.3674 
(13.917) 

0.2824 
(14.123) 

Teaching variable specified as Log(! +ratio). 
2feaching variable specified as 1 x ratio (0 lor non-teael'ling l'lospilals). 

NOTES: Tl'le coefficient values of tl'le otl'ler variables conform to expectations and vary little across the alternative formulations of the teael'ling variable. In 
addition, tl'le Ws lor the lour equations are all between 0.42 and 0.43. Complete regression results are available from the author upon request. 

SOURCES: Health Care Financing Administration, Bureau of Policy Development: Healtl'l Care Provider Cost Repon Information System and the Provider 
Specific file. Data from fiscal year 1989 to fiscal year 1990. 
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Table 3 
Comparison of IME adjustment factors using resident-to-bed and resldent~to ADC, 

by number of residents 
Operating formula Capital formula 

Number of Number of Residents
residents Hospitals Current law Residents-to-beds Residents-to-ADC Residents-to-beds to·ADC1 

Total 1,208 0.125 0.072 O.Q78 0.068 0.073 

1-50 844 0.042 0.024 0.031 0.021 0.026 
51-100 137 0.125 0.072 0.081 0.064 0.070 
101-150 75 0.184 0.106 0.110 0.097 0.102 
151-200 45 0.238 0.137 0.144 0.131 0.137 
201-300 55 0.305 0.176 0.178 0.175 0.176 

NOTES: IME is indirect medical education. ADC is average daily census. 


SOURCE: Health Care Financing Administration, Bureau of Polley Development: Health Care Provider Cost Repon Information System file. Data from fiscal year 

1990. 

teaching hospital would receive for IME. For instance, 
a hospital with an IME adjustment factor of0.150 
would receive a per case payment for IME equal to 15 
percent of the diagnosis-related group (DRG) payment 
for that case. 

As anticipated based on the previous discussion, the 
impact of switching to ADC would vary depending on 
program size. Examining the adjustment factors for the 
2 ratios under each specification, it is clear that smaller 
programs would do better using the resident-to-ADC 
ratio, and the largest programs would do about the 
same using either ratio. To illustrate, hospitals with 
1 to 50 residents currently have operating IME 
adjustment factors of 0.042. With a formula employing 
the 4.38 percent adjustment as estimated in the 
previously noted regression that uses the operating 
specification and beds, the average adjustment factor is 
0.024. With the 3.67 percent adjustment suggested by 
the regression that uses the operating specification and 
ADC, the average adjustment factor for this group of 
hospitals is 0.031. With the adjustment levels suggested 
by the regressions that use the capital spedfications 
(3.55 percent using beds and 2.82 using ADC), the 
corresponding averages are 0.021 and 0.026. This 
disparity persists but decreases as the size of the 
teaching programs increase. For hospitals with more 
than 300 residents, average operating adjustment 
factors would fall from 0.377 under current law to 
0.218 using either beds or ADC. Under the capital 
specification, there is only aO.OOl difference in the 
average adjustments for these hospitals. 

The effects of the different rates of change between 
the two adjustments is also evident in Table 3. As 
discussed previously, the current operating adjustment 
formula results in a declining marginal rate of change as 
the ratio value increases. The current capital formula, 
meanwhile, results in a rising marginal rate of change as 
the ratio rises. This effect is evidenced by the greater 
span between the average adjustment factors for the 
smallest and largest programs under the capital 
specification. In fact, the adjustment factors using this 
specification are lower for the smallest programs and 
higher for the largest programs. 

A final point brought out in Table 3 is that the 
weighted average adjustment factors for all teaching 
hospitals are greater using ADC. The implication of this 
is that total IME payments would be greater using a 
re-estimated adjustment and ADC, regardless of the 
formula specification. Under the operating 
specification, the average adjustment factor for all 
teaching hospitals is 0.072 using beds and 0.078 using 
ADC. Under the capital specification, the averages are 
0.068 and 0.073, respectively. This is due to the 
beneficial impact of ADC on smaller programs. 

Stability of average daily census 

The following discussion evaluates the relative 
stability of ADC, both during the 7-year period from 
PPSI to PPS7, and from year to year during the 
interim. As previously noted, concern that ADC would 
fluctuate excessively from year to year and would be too 
easily manipulated led to its past rejection as the 
denominator for the ratio. Excessive instability would 
hamper budgeting efforts, both at the national level and 
at the hospital level. It would also make the 
resident-to-ADC ratio a less reliable predictor of costs. 

To examine whether ADC is changing at a different 
rate over time than bed size, Table 4 shows the percent 
changes in beds and ADC for a matched set of 
hospitals, grouped according to teaching program size, 
based on their average resident-to-bed or 
resident-to-ADC ratios (the latter for showing the 
change in ADC, and the former to show the change in 
beds) during the period from PPSI through PPS7. The 
groups are based on levels of teaching intensity in order 
to evaluate whether changes over time in beds and ADC 
have varied by program size. The evaluation group was 
limited to hospitals reporting at least one resident in 
each of the 7 years under review. It was felt that this 
would provide a more useful indication of the trends in 
changes in bed size and ADC in teaching hospitals over 
time. 

The columns display the average percent changes 
from the previous year for PPS2 through PPS7. The 
total column is the overall percent changes from PPSI 
to PPS7. The percents are weighted by PPS payments in 
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Table 4 
Percent changes In numbers of beds and average daily census {ADC): Matched set of hospitals 

with residents each year: PPS1 through PPS7 
Teaching intensity Hospitals Total PP$2 PPS3 PP$4 PP$5 PPS6 PPS7 

Average resldent·to-bed Percent change 
Total 775 -8.3 -2.4 -3.1 -1.3 -0.4 -0.7 -0.7 

0.003-0.047 193 -6.9 -3.0 -2.9 -2.1 0.9 0.7 -0.7 
0.048-0.102 194 -10.0 -2.2 -2.8 -1.1 0.7 -3.6 -1.5 
0.103-0.212 194 -12.3 -3.9 -4.4 -0.7 -2.5 -0.7 -0.8 
0.213-0.774 194 -4.9 -1.0 -2.2 -1.5 -0.1 0.1 -0.2 

Average resldenl-to-ADC ratio 
Tolal 775 -9.0 -4.0 -2.6 -0.1 -0.5 -1.4 -0.7 

0.005-0.075 193 -11.3 -5.5 -2.6 -0.7 0.3 -1.6 -1.8 
0.076-0.165 194 -9.7 -5.3 -1.6 -0.2 -1.0 -0.7 -1.4 
0.166-0.318 194 -10.5 -5.2 -3.2 0.1 -0.6 -1.4 -0.7 
0.319-1.219 194 -6.0 -1.4 -2.7 -0.2 -0.5 -1.8 0.3 
NOTES: Hospitals are grouped according to their !Mirage ratios during PPS1 through PPS7 (resident-to--bed ratios Of resident-to-AOC ratios, depending on 
whether the number of beds Of AOC is begin examined). The data are weighted by PPS payments. PPS Is prospective payment system. 

SOURCE: Health Care Finai'ICing Administration, Bureau of Polley Development: Healltt Care Provider Cost Report Information System file. Data lrom fiscal year 
1984 to fiscal year 1990. 

order to illustrate the budgetary implications of the 
changes from year to year. Since reductions in bed size 
or ADC would lead to higher ratios and more IME 
payments, reductions at a hospital receiving $2 million 
in PPS payments are considered more significant from 
the standpoint of the Medicare budget than they would 
be at a hospital receiving only $100,000 in PPS 
payments. 

Overall, the weighted average number of beds fell by 
8.3 percent from PPSl to PPS7, and the weighted 
average ADC fell by 9.0 percent. Furthermore, Table 4 
shows that the averages for both beds and ADC fell by 
greater amounts during the first 2 years of PPS than 
they have during later years. Given the incentives of 
PPS to reduce Medicare patient days, one would expect 
the initial declines exhibited here. Similarly, since the 
potential for reducing the length and corresponding 
costs of patient stays, or minimizing bed size to 
maximize the resident-to-bed ratio, are somewhat 
limited, the smaller percent changes in later years are 
not surprising. Both statistics continued on a downward 
trend through PPS7, however. 

The larger decrease in the average ADCs would seem 
to indicate that the resident-to-ADC ratios would have 
increased more than the resident-to-bed ratios. Table 5 
shows that this is not the case, however, as both ratios 
increased by 15.2 percent from PPSl through PPS7 (the 
averages in Table 5 are also weighted by PPS 
payments). This occurs because of differential rates of 
change in the numbers of residents among the hospital 
groups in the tables. For example, hospitals with 
resident-to-bed ratios between 0.048 and 0.102 (between 
the 25th and 50th percentile average resident-to-bed 
ranking) had their average number of beds fall by 
10.0 percent, while the average ADCs of hospitals with 
resident-to-ADC ratios between 0.076 and 0.162 
(comparable group based on their average 
resident-to-ADC ranking) fell by 9. 7 percent. 
Meanwhile the respective increases in the average 
resident-to-bed and resident-to-ADC ratios were 
8.0 percent and 3. 7 percent. The difference is 

attributable to the rates of change in numbers of 
residents for these groups (not shown in the tables). The 
number of residents among the hospital groups noted 
above fell by 3.6 percent for the resident-to-bed group, 
while it fell by 6. 7 percent among the corresponding 
group based on the resident-to-ADC ranking. 

Table 6 shows the distributions of the year-to-year 
percent changes in beds and ADC for teaching hospitals 
for PPSI through PPS7. A percent change was 
computed for a hospital if it had residents in any 
2 consecutive years. The concern here is to evaluate the 
impact of using ADC on individual hospitals, regardless 
of their Medicare payments relative to other teaching 
hospitaJs. The mean percent change for all included 
hospitals, and the standard deviation of the distribution 
around that mean percent change, are shown below the 
respective columns. 

The final column in Table 6, labeled "Overall," 
displays the distribution, the mean percent change, and 
the standard deviation, after combining all of the year
to-year changes from the previous columns. For 
example, if a hospital had residents for all 7 years under 
review, aJI six of its year-to-year changes are included in 
this column. The mean year to year percent change in 
beds over the 7 year period was -0.3 percent, and the 
standard deviation was 28.1. The corresponding values 
for changes in ADC were -1.4 and 24.7. On average, 
ADC is about 1 percent more variable from one year to 
the next than beds. 

Most of this differential stems from the higher rates 
of change in ADC during the first few years of PPS. 
From PPSl to PPS2, the mean percent change was -5.1 
percent for ADC, and -2.0 for beds, and from PPS2 to 
PPS3, the corresponding values were -2.8 for ADC and 
-1.7 for beds. It is likely that these reductions in ADC 
were in response to the incentive of PPS to reduce 
patient lengths of stay. More recently, the mean percent 
change in ADC among teaching hospitals has been less 
than that for beds in all but one period (PPS6 to PPS7). 

The median percent change in beds is 0.0 for all of 
the years examined, while the median percent change in 
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Table 5 

Percent changes in resident-to-bed ratios and resident-to-average dally census (AOC) ratios: 


Matched set of hospitals with residents each year: PPS1 through PPS7 

Teaching intensity Hospitals Total PPS2 PP$3 PP$4 PPS5 PPS6 PPS7 

Average resident-to-bed ratios Percent change 
Total 775 15.2 -1.9 4.5 1.1 1.8 4.3 4.7 

0.003-0.047 193 1.4 -3.2 -2.2 1.4 -0.4 3.6 2.4 
0.048-0.102 194 8.0 -0.6 1.1 1.0 -3.1 6.0 3.6 
0.103-0.212 194 8.0 -9.2 10.8 -3.2 3.5 2.2 4.8 
0.213-0.774 194 19.7 0.6 3.2 2.7 2.0 4.8 4.9 

Average resldent-to-ADC ratios 
Total 775 15.2 -1.1 4.0 -0.3 1.7 7.5 2.7 

0.005-0.075 193 1.9 -2.0 -1.2 0.7 0.2 0.9 3.5 
0.076-0.165 194 3.7 -1.7 1.1 0.2 -2.5 3.7 3.0 
0.166-0.318 194 10.6 -4.8 7.2 -3.3 1.9 4.2 5.6 
0.319-1.219 194 21.0 0.9 3.7 0.9 2.6 10.1 1.5 
NOTE$: Hospital$ are grouped according to their average ratios during PPS1 through PPS7 (resident-to-bed raticno or resident-to-ADC ratios, depending Ql'l 

whether the number of beds or ADC is being examined). The data are weighted by PPS payments. PPS is prospective payment system. 
SOURCE: Health Care Rnancing Administration, Bureau of Policy Development: Health Care Provider Cost Repon lnfclrmatiQI'I System file. Data from 
fiscal year 1984 to fiscal year 1990. 

Table 6 

Distribution of percent changes In numbers of beds and average daily census for PPS1 through 


PPS7 

Percentile PPS1-2 PPS2-3 PPS3-4 PPS4-5 PPS5-6 PPS6-7 Overall1 

Percent change in beds 

51h -20.1 -22.1 -18.7 -17.1 -16.2 -15.5 -18.8 
15th -14.5 -15.4 -11.9 -10.4 -9.4 -9.4 -11.8 
25th -5.3 -6.0 -3.5 -2.7 -2.3 -2.0 -3.6 
501h 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
75th 0.0 0.0 0.3 1.2 0.8 0.7 0.3 
85th 5.1 4.0 4.6 8.9 6.5 6.4 5.8 
95th 10.7 8.8 10.6 16.0 14.1 12.6 12.5 

Mean percent change -2.0 -1.7 -1.1 1.6 1.0 0.3 -0.3 
Standard deviation 14.8 37.2 15.6 36.4 34.1 17.6 28.1 
Number of hospltals2 973 1,124 1,130 1,150 1,131 1,130 

Percentage change In average daily census 

51h -27.5 -21.7 -15.4 -14.9 -15.1 -11.0 -19.1 
15th -19.2 -15.6 -10.8 -10.0 -10.1 -12.0 -12.9 
25th -10.7 -8.3 -5.5 -5.0 -5.0 -6.3 -6.8 
50th -5.3 -2.4 -1.1 -0.7 -0.3 -1.6 -1.7 
75th -0.2 1.8 3.0 3.9 3.6 2.5 2.6 
851h 5.3 6.1 7.9 9.9 8.3 7.1 7.6 
95th 9.3 11.5 11.8 19.5 13.3 11.4 12.6 

Mean percent change -5.1 -2.8 -0.9 0.8 -0.6 -0.5 -1.4 

Standard deviation 32.6 27.8 16.6 20.7 12.0 31.9 24.7 

Number of hospitalsZ 973 1,124 1,130 1,150 1,131 1,130 

1This column shows the pooled set of all the year-to-year changes for PPS1 through PPS7. 

2f"or example, a hospital with 3 percent changes has three observations in lhe overall distribution whereas a hospllal with 6 pe«:ent changes has 6 

observations in the overall distribution. 

NOTE: PPS is prospective payment system. 

SOURCE: Heallh Care Financing Administration, Bureau of Data Management and Strategy: Data !rom llscal yft.r 1984 to fiScal year 1990. 


ADC ranges from -5.3 from PPSI to PPS2, to -0.3 
from PPS5 to PPS6. Given that ADC is more subject to 
random fluctuation, this result was expected. 
Examining the percent changes at the .5th and 95th 
percentiles, however, reveals that the two measures are 
very similar in terms of their susceptibility to extreme 
changes. The 5th percentile values for all year to year 
changes (the last column) for beds and ADC 
respectively are -18.8 percent and -19.1 percent. The 
95th percentile values are: 12.5 percent for beds, and 
12.6 percent for ADC. 

In conclusion, ADC does not appear to be 
dramatically more variable, and in light of the fact that 
the weighted average ratios changed at exactly the same 
rate in Table .5, the results in Table 6 do not appear to 
disqualify ADC as a useful denominator for measuring 
teaching intensity. 

Discussion 

This analysis was undertaken to ascertain whether 
ADC would serve as a suitable replacement for beds, 
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given the administrative complexities inherent in 
determining bed size. The results indicate that the 
resident-to-ADC ratio would have been as valid and 
reliable a measure of teaching intensity as the 
resident-to-bed ratio during the period from PPSI to 
PPS7. 

The results also illustrate potential political 
ramifications of making a switch to ADC, given the 
redistribution of teaching payments that would arise. 
This redistribution would occur as a result of the lower 
occupancy rates of the smallest teaching programs 
compared with larger teaching programs, leading to a 
larger proportion of IME payments going to smaller 
programs. This effect is alleviated by employing the 
capital specification in the estimating equation 
combined with the capital IME adjustment formula. 
The lower coefficient when using the capital 
specification, and the increasing marginal change in the 
adjustment factor as the ratios rise lead to smaller 
adjustment factors for the smallest programs, and 
bigger adjustments for the larger programs compared 
with those occurring under the operating formula. 
Although further analysis is needed to explain the lower 
coefficients when the capital specification of the 
teaching variable is used rather than the operating 
specification, it appears that, if ADC is adopted, it 
would be preferable to combine it with the current 
capital IME adjustment formula. Given the 
health-related social problems (i.e., maintaining access 
for the uninsured) that are addressed primarily by large 
inner-city hospitals, many of which are teaching 
hospitals, it would not seem appropriate to redistribute 
IME payments away from these hospitals into the 
smallest programs. 

Concern for the financial viability of large teaching 
hospitals is a separate issue, however, from whether the 
resident-to-ADC ratio is a better measure of the 
relationship between teaching and higher costs. For 
example, given the role of patient care in residency 
programs, it may be entirely consistent with the policy 
objective of compensating hospitals for their indirect 
teaching costs to realign the relative level of payments 
to, for example, a 100-bed hospital with 5 residents and 
an ADC of 45. The resident-to-bed ratio of such a 
hospital would be 0.05. Its resident-to-ADC ratio, on 
the other hand, would be 0.11. Absent evidence that the 
linear relationships between costs and teaching intensity 
vary by program size, one can very plausibly argue that 
such outcomes are justified. 

A related issue is that the incentive to minimize the 
length of patient stays if the resident-to-ADC ratio were 
adopted, has given rise to some concern that patient 
care may be adversely affected. In terms of Medicare 
patients, however, hospitals have been faced with this 
incentive since the inception of PPS. The peer review 
organizations serve as a check to ensure that Medicare 
patients continue to receive quality care. While the 
incentive to discharge patients earlier would be 
enhanced by adopting ADC as the denominator in the 
ratio, the impact for Medicare patients should be 
minimal. Because ADC includes all patient days, 

however, this incentive would also extend to 
non-Medicare patients. Given the increasing movement 
toward PPS-type payment systems and managed care 
programs by non-Medicare payers, however, it seems 
questionable whether any incentive to reduce non
Medicare patient lengths-of-stay would have a 
significant impact. 
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