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Nearly two million Americans spend an average of 835 days of their lives in one of the 15,700 
nursing home facilities in the United States (National Center for Health Statistics 2009). The 
Department of Health and Human Services estimates that in 2009, 4.1 percent of Americans 

over 65 years old lived in these facilities. This percentage increases with age, ranging from 1.1 percent 
in the population of 65 to 74-year-olds to 13.2 percent in the population older than 85 (Fowles 2012). 
In 2012 alone, Medicaid spent $140 billion on long-term services and supports (Eiken et al. 2014).  
Despite the importance of nursing homes in the quality of life of millions of Americans and the billions 
of dollars spent on them, very little information has been available about their service quality. The 
Centers for Medicare & Medicaid Services (CMS) designed and implemented its nursing home 
rating system after a congressional hearing in 2007 in which Senator Ron Wyden asked why it was 
“easier to shop for washing machines than it is to select a nursing home” (Duhigg 2007). Given the 
lack of alternative information resources on nursing homes, the publically available CMS rating has 
become the gold standard in the industry since its inception, and has been widely popular among 
patients, physicians, and payers (Thomas 2014). The recent study of Werner et al. (2016) sheds light 
on the importance of CMS ratings for nursing homes; according to their analysis, after the release 
of the ratings, the market share of one-star facilities decreased by eight percent while the market 
share of five-star facilities increased by more than six percent. Given its important role, nursing 
homes have a significant incentive to improve their ratings; however, these ratings may not always 
reflect true quality. As we discuss below, the rating system is prone to inflation by nursing homes. 

The CMS rating system is based on three domains: on-site inspection, staffing, and quality measures. 
While independent, CMS-certified inspectors conduct and report on the on-site inspections, the 
other two domains are self-reported by nursing homes. CMS first assigns an initial star rating to all 
nursing homes based on their annual on-site inspection results.1 Nursing homes are then assigned 
star ratings for the staffing2 and quality measures3 domains. The overall star rating is then calculated 
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by considering the on-site inspection rating as the baseline, adding one star if any self-reported domain is five stars 
and subtracting one star if any self-reported domain is one star.4 An example is provided in Table 1 and Figure 1 
to demonstrate the rating dynamics and the corresponding events for a randomly selected nursing home in 2009. 

Figure 1. The graphical representation of a nursing home’s rating dynamics

                     
Notes: a In the first quarter of 2009, the nursing home received 3 stars in inspection.  It reports 2 stars in quality measures and 
1 star in staffing.  The resulting overall rating is 2 stars.
b In April, the reported quality measure reduces to 1 star, with the other two domains unchanged.  As a result, the overall rating 
reduces to 1 star.  
c In June, a new inspection is conducted, in which the nursing home receives 4 stars.  The staffing data is also reported together 
with the inspection in June to be 2 stars.  The resulting overall rating is 3 stars. 
d In July, the quality measures are newly reported to be 2 stars.  With the other domains unchanged, the overall rating increases 
to 4 stars, since none of the self-reported domains are 1 star.
e In October, the quality measures are newly reported to be 3 stars.  This change, however, does not affect the overall rating.   

Table 1.  An example of a nursing home’s rating dynamics

 
Month Overall Inspection Quality Measurement Staffing 

January 2 3 2 1
February 2 3 2 1

March 2 3 2 1
April 1 3 1 1
May 1 3 1 1
June 3 4 1 2
July 4 4 2 2

August 4 4 2 2
September 4 4 2 2

October 4 4 3 2
November 4 4 3 2
December 4 4 3 2
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The two self-reported domains can fundamentally change a nursing home’s overall rating. For example, it is pos-
sible for an average nursing home that has received three stars in the on-site inspection to gain two additional 
stars based on self-reported measures and become an excellent five-star nursing home. As a result, the overall 
rating can be quite different from the on-site inspection rating. Figure 2 shows how the ratings in each of these 
domains have shifted to higher stars during a period of five years from 2009 to 2013. The proportion5 of on-site 
inspection star ratings remains unchanged in the five years, as shown in Figure 2(a). However, the number of 
nursing homes that claim high performance in the self-reported domains has continuously increased over the 
past five years. As shown in Figure 2(b), in 2009, about 40 percent of nursing homes self-reported to be four or 
five stars in the quality measures domain. This percentage increased to 60 percent in 2013. On the other hand, 
about 20 percent of nursing homes self-reported to be one-star in 2009, but less than 10 percent of nursing 
homes self-reported to be one-star in 2013. In the staffing domain, the number of highly rated nursing homes 
also significantly increased over this period, as shown in Figure 2(c). Consequently, the overall rating is consis-
tently skewed to the higher end over time. As shown in Figure 2(d), the portion of four- or five-star nursing homes 
increased from 35 percent to 55 percent over the five years.

Figure 2.  Distribution of nursing home ratings from 2009 to 2013 
 

(a) On-site inspection                                                          (b) Quality Measure  
 

(c) Staffing                                                                          (d) Overall rating

Note: Colors represent different star rating groups
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The trend we observe in Figure 2 can be interpreted in two ways: On one hand, supporters can argue that increased 
levels of self-reported measures are genuine and represent an honest effort by nursing homes to constantly improve 
their services. On the other hand, however, skeptics may argue that the improved ratings are not legitimate but are 
rather a result of nursing homes’ success in developing strategies to manipulate the system and inflate their ratings. 
Cases have been reported in which patients’ personal experiences differ significantly from the star ratings. Some 
highly-rated nursing homes are sued for substandard care, even causing death of patients due to improper medical 
treatments (Thomas 2014).  

Since late 2014, CMS has gradually announced new policies to improve the nursing homes’ rating system (Medicare 
2016). These corrective policies include the expansion of targeted surveys, including additional measures in the 
quality measures domain, and adding payroll information to the staffing reports. Despite these notable improvements, 
the structure of the rating system has not been changed and it still heavily relies on the self-reported domains—
thus, the newly revised system continues to be prone to manipulation by false self-reported measures. Since it is 
not clear whether the continued increase in ratings of self-reported domains is driven by nursing homes’ legitimate 
efforts to constantly improve their services or it is rather a signal of rating inflation and fraudulent self-reporting, 
the objective of this research is to answer this question and investigate the existence and the extent of inflation in 
the nursing homes’ rating system. 

This research is based on the publicly available 
data provided by multiple government agencies 
including CMS, California’s Office of Statewide Health 
Planning and Development (OSHPD), and the California 
Department of Public Health (CDPH). Our empirical 
strategy consists of four steps as discussed below.

First, we explore the financial incentives for nursing 
homes to improve their star ratings using a combina-
tion of CMS rating data and OSHPD financial data. 
We find a significant positive association between the 
change in star ratings and the financial incentives. That 
is, nursing homes with higher financial incentives are 
more likely to improve star ratings after self-reporting. 

Second, to prove the existence of rating inflation, we initially analyze the correlation between the CMS inspection 
and nursing homes’ self-reported results. If the self-reported improvement is legitimate, we expect it to be reflected in 
the inspection results of the subsequent period. We also expect the CMS inspection rating and self-reported ratings 
within the same year to be closely associated. Our correlation analysis results, however, show almost no correlation 
between the inspection and self-reported results, and shed doubt on the legitimacy of self-reported measures. We 
then further corroborate the results of our correlation analysis by examining additional data on patient complaints 
provided by CDPH: If we assume that the ratings are not inflated, then we should observe similar service qualities 
among the nursing homes with similar overall ratings. Moreover, we should observe increased service quality among 
the nursing homes that initially had the same inspection rating but ended up with a higher overall rating as a result of 
their high self-reported measures. Our results, however, show significant differences between the service qualities 
of the nursing homes with the same overall rating. Moreover, no significant difference exists in the service quality 

It is not clear whether the continued 
increase in ratings of self-reported 

domains is driven by nursing homes’ 
legitimate efforts to constantly improve 

their services or it is rather a signal 
of rating inflation and fraudulent 

self-reporting. The objective of this 
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the extent of inflation in the nursing 

homes’ rating system.
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of nursing homes with the same inspection rating. This result serves as strong evidence of the existence of infla-
tion in the current rating system, as it points to the fact that the service quality is predicted by the on-site inspection 
ratings, which cannot be inflated, rather than the overall ratings, which can be inflated. 

Third, to estimate the extent of rating inflation, we develop a 
prediction model and apply it to estimates of the proportion of 
nursing homes that have inflated their self-reported ratings. By 
using a 95 percent confidence interval, we identify around six 
percent of nursing homes in the suspect population to be likely 
inflators in the current system. 

Fourth, we conduct a variable importance analysis to classify the 
factors that their change contributes the most to the probability 
of being an inflator. Our results demonstrate the shortcomings of 
the current rating system and call for significant reforms in how 
CMS and other payers evaluate the quality of nursing homes. 

The paper proceeds as follows. In section two, we describe our data collection procedure and explore the underlying 
financial incentives for nursing homes to improve their ratings. In section three, we first perform correlation analysis 
between the CMS-conducted inspection and self-reported measures, which cast doubt on the existence of rating 
inflation. We then demonstrate our conclusion by performing a more rigorous complaint-based analysis. A prediction 
model is developed in section four to identify likely rating inflators and evaluate the performance of the system. A 
variable importance analysis is then conducted to show key characteristics of the inflators. We conclude the whole 
paper in section five, by discussing the limitations of the existing work and describing necessary future work. 

DATA COLLECTION AND FINANCIAL INCENTIVE ANALYSIS

DATA COLLECTION
Our analysis is based on publicly available datasets from three sources: CMS, OSHPD, and CDPH. The CMS 
dataset includes performance details on each of the criteria used within the three domains of inspection, staffing, 
and quality measures. For each nursing home, these detailed metrics are accompanied by the corresponding star 
rating in the three domains as well as the overall star rating. This dataset also includes other descriptive details for 
nursing homes such as location, size, certification, ownership information, and council type. The pooled dataset 
consists of records from 1,219 nursing homes in the state of California over a five year period from 2009 to 2013. 
The OSHPD data includes detailed financial information on California nursing homes over the same period of time. 
In this dataset, nursing homes’ source of revenue is categorized into health care and non-health care sections. 
The health care section is further classified by revenue source into Medicare, Medicaid, and self-paying. The cor-
responding revenue and expense details for each section are provided, and the profits can be easily calculated. The 
CDPH data contain detailed patient complaints, facility self-reported incidents, and inspection results for California 
nursing homes. The CDPH complaints data not only covers complaints that CMS has already considered in its 
rating procedure, but also includes patients’ complaints and deficiency reports that are only available at the state 
level and are not reported to CMS. 

Our results demonstrate the 
shortcomings of the current 
rating system and call for 
significant reforms in how CMS 
and other payers evaluate the 
quality of nursing homes. 
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NURSING HOMES’ FINANCIAL INCENTIVES 
Observed rating improvements consist of both legitimate efforts and self-reporting inflation. In order to demonstrate 
the existence of rating inflation, we should show that the rating increase is beyond a range which can be explained 
by legitimate efforts. In our model, we perform a financial incentive analysis to establish the connection between a 
nursing home’s financial incentive and the increase in its star rating. We then show that this increase is far beyond 
the limit which can be explained by legitimate efforts.

We combine the CMS rating data and OSHPD financial data to demonstrate the financial implications of star 
ratings for nursing homes. The average profit per-day per-patient is calculated for nursing homes in each overall 
rating group, as shown in Table 2. These averages serve as an estimate of the daily profit that a nursing home 
can expect per-resident for the corresponding overall rating. The difference is significant. For example, a nursing 
home that receives three stars in on-site inspection may only expect a $10.44 profit from treating one patient for 
one day. However, if it gains two additional stars after self-reporting and achieves an overall rating of five stars, 
its expected profit increases to $16.88. Figure 3 shows the profit trend for each of the star rating groups over the 
five years.6 The results demonstrate nursing homes’ incentives to achieve the highest possible ratings from the 
financial perspective, and provide a quantifiable metric to measure such incentives. 

Figure 3. Profit trend over the period of 2009-2013

(a) Using Star Ratings as the Horizontal Axis                        (b) Using Years as the Horizontal Axis  

In our model, we define the financial incentive of a nursing home to be the profit difference between its inspection 
rating and the highest overall rating it could potentially obtain after self-reporting, as shown in Table 2. Note that 
the financial incentive arises from the expectations in both profits and losses. It is possible for a nursing home that 
has received five stars from the on-site inspection to lose two stars if it receives one star rating in the self-reported 
domains. However, it is very unlikely that a nursing home with a perfect on-site inspection is significantly under-staffed 
or provides very poor quality of care. In our dataset, while 125 nursing homes initially rated three stars in inspection 
gained two additional stars after self-reporting, only four nursing homes initially rated five stars in inspection lost 
two stars after self-reporting. 
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Table 2. Definition of financial incentive

On-site 
inspection 

rating

Expected 
profit a 

Maximum 
possible over-

all rating

Maximum  
expected profit b 

Financial Incentive c

5 16.879 5 16.879 0
4 13.246 5 16.879 3.633 (Level 5– Level 4)
3 10.438 5 16.879 6.441 (Level 5– Level 3)
2 9.234 4 13.246 4.012 (Level 4– Level 2)
1 8.518 2 9.234 0.716 (Level 2– Level 1)

Notes: a If inspection rating unchanged. The expected profit is the average per patient per day profit for the corresponding 

star rating group.
b If maximum possible overall rating realized.
c Difference between expected profit and expected loss.

EMPIRICAL MODEL SPECIFICATION

We focus on changes in star ratings that happen because of the self-reported measures. Our dependent variable, 
StarChange, is equal to the difference between the overall rating and the on-site inspection rating. For example, if 
the nursing home receives three stars from on-site inspection but receives a five-star overall rating after including 
its self-reported measures on staffing and quality measure domains, then the StarChange would be equal to two. 

By definition, StarChange can only take discrete values of 2, 1, 0, -1 and -2, and thus we use an ordinal logistic specification in which 
StarChange is modeled as a function of a vector of independent variables. StarChange is determined by a set of parameters, 
α-2, α-1, α0, α1, which define the cutoff points of the five levels. StarChange for nursing home at year t can be modeled as follows  
where  j ϵ {-2,-1,0,1}  and x is a vector of the following independent variables: Incentive, Competition, ResTotal, 
ForProfit, Medicare, Medicaid, ResCouncil and FamCouncil. 

Among the independent variables, the main effect we consider in our model is the nursing homes’ financial incen-
tive, denoted by Incentive, and as shown in Table 2, varies over time depending on the inspection rating of a 
nursing home. The variable Competition describes the number of competing nursing homes in a 10-mile radius. 
The capacity of residential patients in each nursing home represents its size, and is denoted by ResTotal. Variable 
ForProfit defines a nursing home’s ownership type and is equal to one if the nursing home is for-profit and zero 
otherwise. Variables Medicare and Medicaid define a nursing home’s certification. Medicare is equal to one if the 
nursing home is Medicare certified, likewise, Medicaid is equal to one if the nursing home is Medicaid certified. 
By law, nursing homes are required to allow councils set up by residents or their family members. These councils 
facilitate the communication with staff and get problems resolved more efficiently. Since nursing home resi-
dents may be more vulnerable than other people due to their health conditions, the residential council and family 
council can function very differently in resolving issues and handling complaints. In our model, binary variables 
ResCouncil and FamCouncil are included to respectively, denote the council types as residential and family. A 
nursing home can have both types of councils. Table 3 provides the summary statistics of all variables in our model. 
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Table 3. Variable summary statistics

Variables Mean Standard 
Deviation

Minimum Maximum

Incentive 3.443 2.178 0 6.441
Competition 41.066 37.883 0 150

ResTotal 86.985 43.648 12 373
ForProfit 0.894 0.308 0 1
Medicare 0.968 0.175 0 1
Medicaid 0.953 0.212 0 1

ResCouncil 0.984 0.125 0 1
FamCouncil 0.224 0.417 0 1

ESTIMATION RESULTS

We estimate equation (1) by different methods, as shown in Table 4. The first column shows the estimation results 
for the pooled data. We also take nursing homes’ fixed effects into account and run a panel data regression, the 
estimates of which are shown in the second column. Since many variables are time-invariant, we cannot estimate 
their coefficients directly through the fixed-effect method but instead implement Hausman-Taylor method, as shown 
in the third column. In the estimates from all methods, the main effect, Incentive, is positive and statistically signifi-
cant, which indicates that nursing homes with higher financial incentives are more likely to improve their star ratings 
after self-reporting. 

Table 4. Estimates of equation (1)

Variables Pooled data Fixed effect Hausman-Taylor

Incentive
0.0821 ***

(0.0123)

0.102 ***

(0.00996)

0.102 ***

(0.00993)

Competition
0.000781

(0.000712)
-

-0.000122

(0.00963)

ResTotal
0.000798

(0.00064)
-

0.000205

(0.000804)

ForProfit
-0.175 **

(0.0881)
-

-0.107

(0.107)

Medicare
-1.28 ***

(0.147)
-

-0.995 ***

(0.187)

Medicaid
-0.373 ***

(0.132)
-

-0.138

(0.19)

ResCouncil
-0.086

(0.192)
-

-0.0474

(0.213)

FamCouncil
-0.261 ***

(0.0654)
-

-0.131

(0.116)

Note: *: significant at p<0.1; **: significant at p<0.1; ***: significant at p<0.1
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INFLATION DETECTION AND DEMONSTRATION

CORRELATION ANALYSIS

Although the preliminary results show a positive association between financial incentive and changes in star-ratings, 
they do not necessarily indicate inflation in self-reported measures. It is possible that nursing homes gain the addi-
tional stars legitimately through their true efforts. To explore the underlying reasons for the changes in ratings, we 
investigate the correlation between the on-site inspections and self-reported domains. As illustrated in Figure 4, 
under the assumption that there is no inflation and nursing homes self-reported measures are legitimate, positive 
correlations are expected between two sets of ratings. First, within the same year, a positive correlation is expected 
between the star ratings from CMS on-site inspection and those of nursing homes’ self-reported domains. Second, if 
a nursing home really puts an effort toward improving its care quality, these efforts should have a lasting effect and 
lead to better results in the next year’s on-site inspections and thus there should be a positive correlation between 
the star ratings from self-reported domains in one year and on-site inspection ratings in the subsequent year.

Figure 4. Graphical representation of correlation analysis

                             

Note: If star increase is resulted from legitimate efforts, then a positive correlation is expected between self-reported measures in 

year 1 and on-site inspections in year 2 (red arrow). A positive correlation is also expected between the self-reported measures 

and the on-site inspection ratings in the same year (green arrow).  

Figure 5 shows the correlations within the same year for the three pairs of domains over five consecutive years. It 
can be seen that all three pairs of correlations stay at a low level, around 0.2. The result clearly indicates inconsis-
tency between the on-site inspections and self-reported domains within the same year. The self-reported measures 
and the next year’s on-site inspection even shows a slightly negative correlation of -0.094, which indicates that 
the self-reported improvements in quality measures and staffing domains have no lasting effect on the next year’s 
on-site inspection results at all. The correlation analysis serves as a preliminary evidence of potential inflation, and 
triggers our further analysis.
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Figure 5. Correlation analysis for 5 consecutive years

                        

Note: The red line represents the correlation between on-site inspection and quality measure. The orange line repre-
sents the correlation between on-site inspection and staffing. The yellow line represents the correlation between quality 
measure and staffing. 

COMPLAINT-BASED ANALYSIS

In this section, we conduct further analysis to justify the existence of rating inflation. We identify a quantifiable third-
party proxy variable which can serve as an independent measure of service quality, and compare the results with 
the star ratings given by the rating system. If significant inconsistency exists between the two, then the star ratings 
are questionable, and rating inflation likely exists. In our method, we use the number of complaints, which has been 
used as a common measure of the service quality in the literature of service and complaint management in many 
service industries (E. Anderson, Claes, and Roland 1997; Gardner 2004; Johnson 2001; Roland and Chung 2006). 
Specifically, we conduct an analysis based on the CDPH complaint data, which is an independently collected data 
set of patient complaints against California nursing homes.

 If inflation does not exist, then the overall rating should be consistent with the true service quality, which is reflected 
by the number of complaints. That is, for nursing homes with the same overall rating, we expect them to have similar 
service qualities and a similar number of complaints. Table 5 shows the average number of complaints for nursing 
homes with different on-site inspection and overall ratings. For each overall rating level, the nursing homes are 
divided into two categories: Nursing homes whose star ratings increased after self-reporting and nursing homes 
whose star ratings did not increase after self-reporting. We denote the upper triangular section as area I (shaded) 
and lower triangular section as area II. The shaded area (I) includes those nursing homes whose overall rating has 
increased as a result of their self-reported measures. Area II includes those nursing homes whose overall rating 
either decreased or remained the same after self-reporting. This classification allows us to test the following claims: 
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Claim one: If the improvements observed are not resulted from legitimate efforts and inflation does exist, 
nursing homes with the same overall star rating but different on-site inspection ratings should have dif-
ferent complaint distributions. 

Table 5. Average number of patient complaints

Overall star rating
1 2 3 4 5

O
n-

si
te

 in
sp

ec
-

tio
n 

st
ar

s

1 7.981 6.989
2 6.193 6.271 6.010 8.389
3 3.929 3.934 4.633 4.940 4.056
4 3.923 3.799 3.503 2.826
5 6.667 2.157 2.423

Notes: aThe blank cells represent the impossible rating transaction according to CMS’s rating system design. 
b The shaded cells represent nursing homes of which the ratings increased after self-reporting. The inflators are 
among these nursing homes.

The results of two ANOVA tests are presented in Table 6. In the first column, nursing homes with the same overall 
ratings are grouped by whether or not their star rating increased after self-reporting. In other words, we examine if 
the shaded and unshaded cells in each column of Table 5 have similar distributions. In the second column, we group 
nursing homes with the same overall rating based on their on-site inspection ratings. In other words, we examine 
if all the cells in each column of Table 5 have similar distributions. As reported in Table 6, all the comparisons are 
significant and thus the claim that nursing homes with the same overall rating but different inspection ratings have 
different complaint distributions is supported.

Table 6. F statistics: Comparison in each overall rating

Grouped by Area I 
vs Area II

Grouped by in-
spection ratings

O
ve

ra
ll 

st
ar

 
ra

tin
g

1 - 4.61**
2 7.43*** 6.16***
3 13.05*** 5.06***
4 14.22*** 8.35***
5 5.27** 5.70***

  Note: *: significant at p<0.1; **: significant at p<0.1; ***: significant at p<0.1  
 
Claim two: If the improvements observed are not resulted from legitimate efforts and inflation does 
exist, nursing homes with the same inspection rating but different overall ratings should have similar 
complaint distributions. 

The results of two ANOVA tests are presented in Table 7. In the first column, nursing homes with the same on-site 
inspection ratings are grouped by whether or not their star rating increased after self-reporting. In other words, we 
examine if the shaded and unshaded cells in each row of Table 5 have similar distributions. In the second column, 
we group nursing homes with the same inspection rating based on their overall star ratings. In other words, we 
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examine if all the cells in each row of Table 5 have similar distributions. As shown in Table 7, we do not observe 
a significant difference in the number of complaints, although the overall rating can be quite different. The results 
show that service quality does not improve for nursing homes whose star ratings get improved after self-reporting 
and thus claim two is also supported. Together with the results obtained for claim one, the analysis provides strong 
evidence of the existence of rating inflation in self-reported measures.

Table 7. F statistics: Comparison in each inspection rating

Grouped by Area I 
vs Area II

Grouped by overall 
ratings

In
sp

ec
tio

n 
ra

tin
gs

1 2.46 2.46
2 0.12 0.12
3 0.78 0.78
4 5.37** 2.00
5 - 1.91

Note: *: significant at p<0.1; **: significant at p<0.1; ***: significant at p<0.1

PREDICTION MODEL AND VARIABLE IMPORTANCE ANALYSIS
In this section, we first develop a method which gives a quantifiable estimate of the extensiveness of rating inflation. 
We then run a variable importance analysis to summarize key characteristics of the likely inflators. 

 For a nursing home that inflates its self-reported measures, the overall rating is driven by two components. The 
first component is the observable characteristics which are common between cheating and honest nursing homes. 
The second component is the unobservable inflation coefficient which only pertains to the inflating nursing homes. 
If we model the overall ratings as a function of observed characteristics, the inflation component is unobserved 
and omitted from our regression model, thus the estimates of the remaining observed variables will suffer from the 
omitted variable bias. However, since the overall star ratings of honest nursing homes are only driven by one com-
ponent of observed characteristics and the inflation component does not exist among the honest nursing homes, 
our regression estimates for the honest group will not suffer from the omitted variable bias. To develop our inflation 
prediction model, we first divide the nursing homes into two groups: the honest nursing homes and the remaining, 
defined as potential inflators. A regression is then run for the honest nursing homes. The obtained regression coef-
ficients from the sample of honest nursing homes are unbiased and reflect the true associations without inflation. 
These unbiased coefficients are then used to predict the highest possible overall star rating for each nursing home 
in the suspected inflating group. A nursing home is identified as a likely inflator in our estimation if its actual overall 
rating is higher than the highest level of its predicted overall rating. 

PREDICTION MODEL

In our model, the overall star rating is used as the dependent variable, denoted by OverallRating. Similar to the 
variable StarChange in the regression model in section two, OverallRating is ordinal and takes values in five levels 
so we employ an ordinal logistic regression model. OverallRating is determined by a set of parameters γ1, γ2, γ3, γ4, 
which define the cut points of the five star levels.  The model can be written as
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 where k ϵ {1,2,3,4}. The independent variables denoted by vector  are the same as the ones used in equation (1). 
The coefficients of prediction model are denoted by βP.

 Since we use the coefficients of the honest group as the unbiased baseline, we define the members in this group 
very strictly to guarantee that there is no evidence of inflation for all nursing homes in the honest group. An honest 
nursing home is selected based on the following criteria:

 1. Its overall star rating does not increase after self-reporting 
2. The number of its patient complaints is strictly lower than the median of its corresponding self-reporting level.

 To define a nursing home’s self-reporting level, we combine the two self-reported domains by taking the average star 
rating of staffing and quality measure. The median and average of the number of complaints for each self-reporting 
level are reported in Table 8. Based on the two criteria, the honest (H) group consists of 1,345 nursing home records 
in five years. The remaining 3,033 nursing home records are categorized in the potential inflator (PI) group. Note 
that the PI group consists of both the actual inflators and the nursing homes who improve their service qualities 
through legitimate efforts. In the following, we estimate the proportion of the actual inflators in the PI population.

Table 8. Combined self-reported measures

Average Rating in self-
reported domains 

Patient complaints 
Average Median 

Level 1: 1-1.5 6.073 4
Level 2: 2-2.5 5.621 3
Level 3: 3-3.5 5.183 3
Level 4: 4-4.5 4.578 2

Level 5: 5 3.088 1.5

We run the ordinal logistic regression in equation (2) on the sample of honest nursing homes (H group) to obtain 
the unbiased estimates of each coefficient, as shown in Table 9. Both the 95e percent and 90 percent confidence 
intervals are reported. Using the upper bounds of unbiased coefficient estimates, we then predict the highest pos-
sible rating for each of the nursing homes in the PI group. A nursing home is classified as an inflator if its actual 
overall star rating is higher than the highest possible rating predicted through our model. Based on the 95 percent 
confidence interval, we can identify 184 inflator records out of the 3,033 nursing home records (6.07 percent) in the 
PI group. Based on the 90 percent confidence interval, we can identify 379 inflator records (12.5 percent) in the PI 
group. 
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Table 9. Unbiased coefficient estimates for the H Group

Variables Coefficients 95% Confidence interval 90% Confidence interval

Incentive
-0.234***

(0.026)
-0.285 -0.183 -0.277

-0.191

Competition
-0.002

(0.001)
-0.004 0.000626 -0.00391 0.000230

ResTotal
-0.139***

(0.001)
-0.168 -0.0111 -0.0163 -0.0115

ForProfit
-1.349***

(0.142)
-1.627 -1.072 -1.582 -1.117

Medicare
-1.784***

(0.399)
-2.565 -1.002 -2.439 -1.128

Medicaid
-0.470*

(0.251)
-0.962 0.0214 -0.883 -0.0576

ResCouncil
-0.154

(0.379)
-0.896 0.588 -0.777 0.469

FamCouncil
0.483***

(0.115)
0.258 0.708 0.294 0.672

Note: *: significant at p<0.1; **: significant at p<0.1; ***: significant at p<0.1

VARIABLE IMPORTANCE ANALYSIS

It is important to understand the key differences between honest nursing homes and the inflators, so that we can 
focus on these differences in audits and identify the inflators efficiently. In this section, a variable importance 
analysis is conducted to explore the key characteristics of the inflators. A subset of the data is first constructed by 
eliminating nursing homes whose status cannot be identified. The eliminated nursing homes are the ones which 
are neither identified as inflators nor are in the honest group. The remaining dataset consists of 1,724 nursing home 
records, in which 1,345 records are for honest nursing homes and 379 records are for the likely inflators identified 
using a 90 percent confidence interval. The status of a nursing home is assigned as zero if it belongs to the honest 
group and one if it is a likely inflator. To perform the variable importance analysis, we use the logistic specification 
presented in equation (3). 

 

where λ is the probability of being identified as an inflator,  is the vector of variables that were also used in equa-
tions (1) and (2) and  is a vector of ratings in the three domains. The coefficient estimates and their importance 
are presented in Table 10. Among the variables, we find the variable ResTotal to be the top in terms of variable 
importance. The result indicates that when a nursing home’s size grows, its probability to game the rating system 
increases significantly. The Incentive and ForProfit, being the next two most important characteristics in the variable 
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importance analysis, indicate that the financial incentive of a nursing home plays an important role in being an 
inflator. The for-profit nursing homes are more likely to inflate their self-reported ratings than the non-profits ones, 
and the higher their financial incentives are, the more likely they will be inflators. This is consistent with the work of 
Chesteen et al. (2005) which shows that non-profit nursing homes have a higher quality of service. The probability 
of being an inflator does not significantly change with competition and certification status.

Table 10. Variable Importance Analysis

Variables Coefficients Variable Importance

Incentive
0.0336***

(0.0033)
45.655

Competition
0.0000567

(0.00019)
0.000

ResTotal
0.00239***

(0.00016)
69.928

ForProfit
0.223***

(0.0225)
44.715

Medicare
0.0366

(0.0419)
2.674

Medicaid
0.0132

(0.0372)
0.271

ResCouncil
-0.142**

(0.052)
11.294

FamCouncil
-0.141***

(0.0174)
36.318

InspectionRating
0.00182**

(0.0695)
10.791

QualityRating
0.0123***

(0.0564)
100.000

StaffingRating
0.0125***

(0.0656)
87.057

Note: *: significant at p<0.1; **: significant at p<0.1; ***: significant at p<0.1

CONCLUSION 
This paper systematically analyzes CMS’s nursing home rating system, demonstrates the existence of inflation, and 
presents a model to detect likely inflators. We show that nursing homes have strong financial incentives directly 
related to higher star ratings, which may in turn drive the inflating behaviors. We then develop a systematical method 
which uses the independent third-party measure of patient complaints to demonstrate the existence of rating infla-
tion. An inflation prediction model is then developed, which provides an estimate of the proportion of inflating nursing 
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homes in the current system, and gives a quantifiable evaluation of the system performance. The variable importance 
analysis is then performed to identify the factors that contribute the most to being an inflator.

 Our research provides several contributions. First, to the best of our knowledge, this is the first study that systemati-
cally investigates the inflation in the CMS nursing home rating system. It explores the fundamental financial reason 
for a nursing home to improve the star rating, even by inflating self-reported measures, which links the dots between 
incentives and observed behavior. Second, we contribute to the theory by developing a systematical method for 
demonstrating the existence of rating inflation and evaluating inflator proportion. As we discussed earlier, although 
CMS has implemented minor improvements to its rating system, it is still largely based on self-reported measures 
and does not address the issue of inflation. Our research demonstrates the shortcoming of the rating system and 
informs CMS on how to improve its system or how to identify the likely inflators. This study estimates the proportion 
of likely inflators and summarizes their key characteristics. The results can be used to strategically focus future 
audits on the nursing homes which are most likely to be inflators, and help CMS improve the rating system.

 This work also has several limitations. First, we are unable to measure the financial incentives for each nursing home 
at the individual level. This is practically very difficult, since even for the same nursing home at the same rating level, 
the financial incentive may vary over time depending on various financial situations. To address this limitation, we 
perform our analysis on an aggregated level and use the average as a universal incentive for each rating group, 
leaving the unobserved incentive fluctuations to the nursing homes fixed effects. Second, we do not observe self-
reporting inflation directly and can only infer it from an aggregated level. This is a common issue in misbehavior 
detection research due to the unavailability of individual-level data. We address this limitation by calculating the 
highest possible rating using the confidence interval and using the most conservative statistics. Third, we are only 
able to measure patient complaints in numbers, but not in “severeness.” For example, a complaint about medical 
malpractice may have much more impact than a complaint about sanitation. Future research can apply text mining 
techniques to address this limitation.
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ENDNOTES
1  The annual on-site inspection looks into areas such as medication management, nursing home administration, environ-
ment, food service, and residents’ rights and quality of life.

2  The Staffing domain is evaluated based on the self-reported CMS Certification and Survey Provider Enhanced Reports 
(CASPER) staffing data.  The two measures used are the total nursing hours and Registered Nursing (RN) hours, and are 
adjusted for case-mix based on the Resource Utility Group (RUG-III) case-mix system derived from the Minimum Data Set 
(MDS).   The staffing star rating is then updated by the end of the quarter when raw data is collected.

3  The Quality Measure domain rating uses nine out of 18 quality measurement criteria developed from the MDS, which 
covers seven aspects from long-stay terms and 2 aspects from short-stay terms.  The quality measure star rating is then 
updated by the end of each quarter by using the results from three most recent quarters.

4  Both four and five stars in staffing rating are qualified for obtaining additional overall star rating, while only five stars in 
quality measure is qualified.  Additional conditions apply to nursing homes whose inspection ratings are only one star, and 
for nursing homes which are in the CMS’s Special Focus Facility (SFF) program.  The overall star rating cannot be more than 
five stars or less than one star.

5  According to CMS’s rating mechanism design, the top 10 percent nursing homes in inspection receive five stars.  The 
bottom 20 percent nursing homes in inspection receive one star.  Nursing homes which rank in between receive two-to-four 
stars according to a fixed proportion.  There is no fixed proportion for the self-reported domains.

6  CMS does not consider star ratings in its Nursing Facility Prospective Payment System (PPS) which determines Medicare’s 
payment amount for a particular service (CMS, Prospective Payment Systems - General Information, 2015) (CMS, Skilled 
Nursing Facility Prospective Payment System, 1997). However, nursing homes’ revenue from non-Medicare patients (self-
paying and other resources) and other non-health care services (e.g., accommodation and dining) can significantly affect 
their overall profits. Moreover, the increased demand for their services that happens as a result of high star ratings (R. M. 
Werner, Konetzka, and Polsky 2016) can reduce their overhead costs and thus lead to an increase in their per-patient profit. 

  



Five-star ratings for sub-par service: Evidence of inflation in nursing home ratings 22

GOVERNANCE STUDIES 

The Brookings Institution 
1775 Massachusetts Ave., NW 
Washington, DC 20036 
Tel: 202.797.6090 
Fax: 202.797.6144 
brookings.edu/governance.

EDITING 

Liz Sablich 

PRODUCTION & LAYOUT 

Cathy Howell

EMAIL YOUR COMMENTS TO  
GSCOMMENTS@BROOKINGS.EDU
The Brookings Institution is a nonprofit organization devoted to independent 
research and policy solutions. Its mission is to conduct high-quality, 
independent research and, based on that research, to provide innovative, 
practical recommendations for policymakers and the public. The 
conclusions and recommendations of any Brookings publication are solely 
those of its author(s), and do not reflect the views of the Institution, its 
management, or its other scholars.

Support for this publication was generously provided by the National 
Institute for Health Care Management (NIHCM) Research and Education 
Foundation. 

Brookings recognizes that the value it provides is in its absolute 
commitment to quality, independence, and impact. Activities supported 
by its donors reflect this commitment.


