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T he Nursing Home Compare system administrated by the Centers for Medicare & Medicaid Services (CMS) is widely
used by patients, medical providers and payers. We argue that the rating system is prone to inflation in self-reported

measures, which leads to biased and misleading ratings. We use the CMS rating data over 2009–2013 and the correspond-
ing financial data reported by Office of Statewide Health Planning and Development and patients’ complaints data
reported by California Department of Public Health for 1219 nursing homes in California to empirically examine the key
factors affecting the star rating of a nursing home. We find a significant association between the changes in a nursing
home’s star rating and its profits, which points to a financial incentive for nursing homes to improve the ratings. We then
demonstrate that this association does not always lead to legitimate efforts to improve service quality, but instead can
induce inflation in self-reporting in the rating procedure. A prediction model is then developed to evaluate the extensive-
ness of inflation among the suspect population based on which 6% to 8.5% of the nursing homes are identified as likely
inflators. We also summarize the key characteristics of likely inflators, which can be useful for future audit.
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1. Introduction

Nearly two million Americans spend an average of
835 days of their life in one of the 15,700 nursing
home facilities in the United States (Bercovitz et al.
2009). The Department of Health and Human Services
estimates that in 2009, 4.1% of Americans over
65 years old lived in these facilities. This percentage
increases with age, ranging from 1.1% in the popula-
tion of 65 to 74 years old to 13.2% 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 Ser-
vices (CMS) designed and implemented its nursing
home rating system after a congressional hearing in

2007 where 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 alter-
native information resources on nursing homes, the
publicly 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 rat-
ings for nursing homes; according to their analysis,
after the release of the ratings the market share of
1-star facilities decreased by 8%, while the market
share of 5-star facilities increased by more than 6%.
Given the important role of CMS’s ratings, nursing

homes have a significant incentive to improve their
ratings. However, these ratings may not always reflect
true quality. Cases have been reported in which highly
rated nursing homes only provide substandard care,
which even lead to the death of patients.
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This research is based on the publicly available data
provided by multiple government agencies including
CMS, California Statewide Health Planning and Devel-
opment (OSHPD), and 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 rat-
ings using a combination 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 rat-
ings 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 CMS
inspection rating and self-reported ratings within the
same year to be closely associated. Our correlation
analysis results, however, shows almost no correlation
between the inspection and self-reported results, and
sheds doubt on the legitimacy of self-reported mea-
sures. We further corroborate the results of our correla-
tion 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 signifi-
cant differences between the service qualities of the
nursing homes with the same Overall rating. Moreover,
no significant difference exists in the service quality of
nursing homes with the same inspection rating. The
result serves as strong evidence on the existence of
inflation in the current rating system as it points to the
fact that the service quality is predicted by the Health
Inspection ratings which cannot be inflated, rather than
the Overall ratings which can be inflated. Third, to esti-
mate the extent of rating inflation, we develop a predic-
tion model and apply it to estimate the proportion of
nursing homes that have inflated their self-reported
ratings. Using a 95% confidence interval, we identify
around 6% of nursing homes in the suspect population
to be likely inflators in the current system. Fourth, we
conduct a variable importance analysis to identify the
factors whose change contributes the most to the prob-
ability of being an inflator. Our results demonstrate the
shortcomings of the current rating systems and call for
significant reforms in how CMS and other payers eval-
uate the quality of nursing homes.
The study proceeds as follows. In section 2, we

discuss the background and conceptual framework

of our research, including how the rating measures
are established, how the star ratings are generated,
and what the potential issues are with this rating
mechanism. In this section, we also introduce a the-
oretical framework to address these issues. In sec-
tion 3, we review related literature on nursing home
quality measures, misbehavior detection, and quan-
tifying methods. In section 4, we describe our data
collection procedure and explore the underlying
financial incentives for nursing homes to improve
their ratings. In section 5, we first perform correla-
tion 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 com-
plaint-based analysis. We develop a prediction
model in section 6 to identify likely rating inflators
and evaluate the performance of the system. We
then conduct a variable importance analysis to show
key characteristics of the inflators. We conclude the
whole study in section 7, and discuss the limitations
and future work.

2. Background and Theoretical
Framework

2.1. The History of Nursing Home Rating System
The standardization of nursing home service quality
started even before CMS was founded. In 1961, the
Public Health Service (PHS) began studying nursing
homes’ state licensures, after a series of problems
being reported by the Commission on Chronic Illness
from several states. The Nursing Home Standards
Guide, issued by the PHS, specified 77 service stan-
dards in health and safety, which established the
foundation of nursing home service standards. Since
then, Nursing Home Standards Guide gradually
developed and more standards were included. By
1974, a total of 90 standards were included, covering
various aspects in health and safety. In 1977, the
Health Care Financing Administration (HCFA) was
created as a new federal organization, and continued
the standardization and certification of nursing home
service qualities. The HCFA commissioned the Insti-
tute of Medicine to examine the standards in nursing
home services.
A major reform on nursing homes’ regulation took

place in 1987, when the Nursing Home Reform Act
also known as OBRA-87 was passed (Turnham 2001).
The OBRA-87 established more stringent inspection,
and further specified and revised the regulations on
nursing home services, including nurse training, care
standards, sanctions, and remedies. It also established
the use of Resident Assessment Instrument, of which
the Minimum Data Set is a major component, and is
widely used today in nursing home research.
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The HCFA changed its name to the CMS in 2001.
CMS released its Nursing Home Compare (NHC) sys-
tem in October 1998, in the form of report card, which
provided information on Medicare/Medicaid-certi-
fied nursing homes via Internet. The initial system
only included nursing homes’ basic information and
the deficiencies on health and safety found in inspec-
tion, which are also covered in today’s Health Inspec-
tion. The Staffing measure was included in the system
in June 2000, and the Quality Measures were included
in November 2002 (General Accounting Office, 2002).
This was the early form of today’s 3-measure nursing
home rating system. The NHC report card system
was very influential since it was one of the earliest
systems presenting publicly available standardized
quality information on nursing homes. However, the
report card method suffered challenges such as the
lack of consumer awareness and access (Stevenson
2006), and the difficulties for consumers to under-
stand the information on the report card (Shugarman
and Brown 2006).
In order to address these issues, CMS launched its

NHC system in December 2008, which is the current
system being used. This reformed rating system fol-
lowed the 3-measure setting in the previous report
card system, but uses a 5-star scale on each of the
three measures, which greatly improved the usability
of the rating system. The 5-star nursing home rating
system gradually became the gold standard of nurs-
ing home selection. As reported by CMS (2017a), the
system gets more than 1.4 million visitors per year,
with 85% users reporting that they found the informa-
tion they are looking for on nursing homes. The data-
set used in our research covers nursing homes’ rating,
complaint, and financial data from 2009 to 2013,
which are the first 5 years since the inception of the
5-star rating system.
Centers for Medicare & Medicaid Services

announced new policies to improve its nursing homes
rating system starting in February 2015. These policies
include expanding the targeted surveys, adding two
additional measures in the Quality Measures domain,
revising the staffing algorithm, and reporting payroll-
based staffing information by the end of 2016 (CMS
2015). However, the framework of the 5-star rating
system and the self-reporting process will not change,
and therefore the conclusions of this research will
remain relevant.

2.2. The Current Rating Mechanism
The CMS rating system is based on three domains:
Health Inspection, Staffing, and Quality Measures. While
independent, CMS-certified inspectors conduct and
report the Health Inspection, 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 Health Inspection results. The Health Inspection
looks into areas such as medication management,
nursing home administration, environment, food ser-
vice, and residents’ rights and quality of life. Ratings
are given based on the number, scope, and severity of
deficiencies identified during the three most recent
annual inspections (1/2 for current year, 1/3 for the
previous year, and 1/6 for the second prior year).
According to CMS’s rating mechanism design, the top
10% nursing homes in Health Inspection receive 5 stars,
while the bottom 20% nursing homes receive 1 star.
Nursing homes which rank in between receive 2–4
stars in fixed proportions. There is no such restriction
for self-reported measures.
Nursing homes are then assigned star ratings for

the Staffing and Quality Measures domains. The Staff-
ing domain is evaluated based on the self-reported
CMS Certification and Survey Provider Enhanced
Reports (CASPER) staffing data. The two measures
used are the Registered Nursing (RN) hours per resi-
dent day, and the total nursing hours, which is the
sum of Registered Nurse (RN) hours, Licensed Practi-
cal Nurses (LPN) hours, and nurse aide hours per res-
ident day. The results are adjusted for case-mix based
on the Resource Utility Group (RUG-III) case-mix sys-
tem derived from the Minimum Data Set (MDS). The
Staffing star rating is then updated by the end of the
quarter when raw data are collected. The Quality Mea-
sures domain rating uses 9 out of 18 quality measure-
ment criteria developed from the MDS, which covers
seven aspects from long-stay terms and two aspects
from short-stay terms. The Quality Measures data are
also self-reported and is collected by the end of each
quarter and the Quality Measures star rating is
updated using the results from three most recent
quarters.
The Overall star rating is then calculated by consid-

ering the Health Inspection rating as the baseline, add-
ing 1 star if any self-reported domain is 5 stars and
subtracting 1 star if any self-reported domain is 1 star.
Nursing homes which only got 1 star in the Health
Inspection can only have one additional star after self-
reporting.1 The Overall star rating cannot be more
than 5 stars or less than 1 star. An example is pro-
vided in Table 1 and Figure 1 to demonstrate the rat-
ing dynamics and the corresponding events for a
randomly selected nursing home in 2009.
The detailed items covered in each measure are

listed in Table 2. They evaluate nursing homes from
three different angles. Generally speaking, the mea-
sures covered under Health Inspection reflect how
organized the nursing facility is operating; the Staffing
measures cover the number of working professionals
in the facility, and the Quality Measures reflect how
healthy the patients are living in the facility. Although
measuring from different perspectives, close
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connections exist among these three domains (Castle
2008, Harrington et al. 2000, 2012, Kim et al. 2009,
Konetzka et al. 2004, Munroe 1990, Zhang and Gra-
bowski 2004). For example, urinary tract infection
(UTI) is a common health problem found among
nursing home patients, and the percentage of UTI is
an important measure under the Quality Measures
domain. Research has shown that UTI is closely
related to catheter insertion (Gokula et al. 2004),

which requires frequent and timely care, and as a
result, an adequate level of staffing coverage. It has
also been shown that the improper use of antibiotic
agent is one of the major reasons causing UTI, and the
antibiotic agent misusage is covered in the pharmacy
service deficiencies, which are under the Health
Inspection domain. As a result, UTI-associated prob-
lems are reflected in all the three domains, and it is
often not possible to attribute such a complaint to any
deficiencies in a particular domain. Similar examples
can be found for other metrics such as pressure ulcer-
associated problems. As a result, we argue that the
three measures, although measuring from different
angles, should be correlated at certain level. An unex-
pected low correlation is suspicious, and can be inter-
preted as a preliminary evidence of misreporting.

2.3. Shortcomings of the Current Rating
Mechanism
The two self-reported domains can fundamentally
change a nursing home’s Overall rating. For example,
it is possible for an average nursing home that has
received 3 stars in the Health Inspection to gain two
additional stars based on self-reported measures and

Table 1 An Example of a Nursing Home’s Rating Dynamics

Month Overall Health inspection Quality measures 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

Staffing

Overall

Inspec�on

QM

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Staffing data was added to the database 
together with inspec�on data on May 27

QM data was self-reported quarterly

Inspec�on was conducted on Apr 13.  Data 
was added to CMS database on May 27

Since QM reported in the 2nd

quarter was 1 star, Overall 
ra�ng dropped to 2 stars

Rated 4 stars in the latest 
inspec�on.  Overall ra�ng lost 1 
star since QM was s�ll 1 star

QM increased to 2 stars, 
thus Overall ra�ng 
increased to 4 stars

2 stars
1 star

3 stars
4 stars

3 stars 4 stars

2 stars
1 star

2 stars 3 stars

1 star 2 stars

Figure 1 The Graphical Representation of a Nursing Home’s Rating Dynamics [Color figure can be viewed at wileyonlinelibrary.com]

Note: aIn 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. bIn April, the reported Quality Measures reduces to 1 star, with the other two domains unchanged. As a result, the
Overall rating reduces to 1 star. cIn 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. dIn 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. eIn October, the Quality
Measures are newly reported to be 3 stars. This change, however, does not affect the Overall rating.
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become an excellent 5-star nursing home. As a result,
the Overall rating can be quite different from the
Health Inspection rating. Figure 2 shows how the rat-
ings in each of these measures have shifted to higher
stars during a period of 5 years from 2009 to 2013. By
design, the proportion of Health Inspection star rating
remains fixed in the 5 years, as shown in Figure 2a.
However, the number of nursing homes that claim
high performance in the self-reported domains has
continuously increased over the past 5 years. As
shown in Figure 2b, in 2009, about 40% of nursing
homes self-reported to be 4 or 5 stars in the Quality
Measures domain. This percentage has increased to
60% in 2013. On the other hand, about 20% of nursing
homes self-reported to be 1 star in 2009, but less than
10% of nursing homes self-reported to be 1 star in
2013. In the Staffing domain, the number of highly
rated nursing homes also significantly increased over
this period, as shown in Figure 2c. Consequently, the
Overall rating is consistently skewed to the higher end
over time. As shown in Figure 2d, the portion of four

or five nursing homes increased from 35% to 55%
over the 5 years.
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,
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’ experiences differ signifi-
cantly from the star ratings. Some highly rated nurs-
ing homes are sued for substandard care, even
causing death of patients due to improper medical
treatments (Thomas 2014).
Since late 2014, CMS has announced new policies

to improve nursing homes’ rating system (CMS
2015). These policies include the expansion of tar-
geted surveys, including additional measures in the
Quality Measures domain, and adding the payroll

Table 2 Coverage of Each Measure (Health Inspection, Staffing, and Quality Measures)

Health Inspection (H: Health; F: Fire Safety) Staffing Quality Measures (L: long-stay; S: Short-stay)

Count of Administration Deficiencies (H) RN hours/day Percent of residents whose need for help with activities of daily living
has increased (L)

Count of Environmental Deficiencies (H) LPN hours/day Percent of high-risk residents with pressure sores (L)
Count of Mistreatment Deficiencies (H) Nurse aide hours/day Percent of residents who have/had a catheter inserted and left in

their bladder (L)
Count of Nutrition and Dietary Deficiencies (H) Total Licensed hours/day Percent of residents who were physically restrained (L)
Count of Pharmacy Service Deficiencies (H) Total Nurse hours/day Percent of residents with a urinary tract infection (L)
Count of Quality of Care Deficiencies (H) Percent of residents who self-report moderate to severe pain (L)
Count of Resident Assessment Deficiencies (H) Percent of residents experiencing one or more falls with major

injury (L)
Count of Resident Rights Deficiencies (H) Percent of residents with pressure ulcers that are new or

worsened (S)
Count of Building Construction Deficiencies (F) Percent of residents who self-report moderate to severe pain (S)
Count of Corridor Walls and Doors Deficiencies (F)
Count of Electrical Deficiencies (F)
Count of Emergency Plans and Fire Drills
Deficiencies (F)

Count of Exits and Egress Deficiencies (F)
Count of Exit and Exit Access Deficiencies (F)
Count of Fire Alarm Systems Deficiencies (F)
Count of Furnishings and Decorations Deficiencies (F)
Count of Hazardous Area Deficiencies (F)
Count of Illumination and Emergency Power
Deficiencies (F)

Count of Interior Finish Deficiencies (F)
Count of Laboratories Deficiencies (F)
Count of Medical Gases and Anesthetizing
Areas Deficiencies (F)

Count of Miscellaneous Deficiencies (F)
Count of Building Service Equipment Deficiencies (F)
Count of Smoke Compartmentation and Control
Deficiencies (F)

Count of Smoking Regulations Deficiencies (F)
Count of Automatic Sprinkler Systems
Deficiencies (F)

Count of Vertical Openings Deficiencies (F)
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information to the staffing reports. Despite these
amendments, the structure of the rating system has
not been changed and it still heavily relies on the
self-reported domains and thus the newly revised
system continues to be prone to manipulation by
false self-reported measures. Whether the 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 rat-
ing inflation and fraudulent self-reporting is not
clear. The objective of this research is to answer this
question by investigating the existence and the
extent of inflation in this rating system.

2.4. Proposed Methodology and Theoretical
Framework
Data sources used by rating systems to generate rat-
ings can be categorized into three groups: authority
inspection (e.g., vehicle safety ratings), customer

reporting (e.g., Amazon ratings), and self-reporting
(e.g., business school rankings). CMS rates nursing
homes by combining authority inspection and self-
reported data in a unique way. To examine the relia-
bility of such ratings, we use the third source of data
(customer reporting) which was ignored in the origi-
nal CMS ratings. In our rating inflation detection
method, we use the number of patient complaints as a
proxy of the true service quality (Carman 1990, Dab-
holkar et al. 1995, Tsaur et al. 2002). Under the
assumptions that the self-reported measures are not
inflated and reflect the honest efforts of nursing
homes to improve their services, we expect the
following:

1. If the ratings are not inflated, then for nursing
homes with similar Overall ratings, we should
expect similar service qualities, reflected in a
similar number of complaints.

(a) Health Inspection (b) Quality Measures

(c) Staffing (d) Overall

0%

20%

40%

60%

80%

100%

2009 2010 2011 2012 2013

1 2 3 4 5

0%

20%

40%

60%

80%

100%

2009 2010 2011 2012 2013

1 2 3 4 5

0%

20%

40%

60%

80%

100%

2009 2010 2011 2012 2013

1 2 3 4 5

0%

20%

40%

60%

80%

100%

2009 2010 2011 2012 2013

1 2 3 4 5

Figure 2 Distribution of Nursing Home Ratings from 2009 to 2013* [Color figure can be viewed at wileyonlinelibrary.com]

Note: Colors represent different star rating groups.

Han, Yaraghi, and Gopal: Nursing Home Rating Inflation Analysis
6 Production and Operations Management 0(0), pp. 1–19, © 2017 Production and Operations Management Society

Please Cite this article in press as: Han, X., et al. Winning at All Costs: Analysis of Inflation in Nursing Homes’ Rating System. Produc-
tion and Operations Management (2017), https://doi.org/10.1111/poms.12804

https://doi.org/10.1111/poms.12804


2. If the ratings are not inflated, we expect to
observe an increase in the service quality of
the nursing homes whose star ratings increased
after self-reporting, comparing with nursing
homes that initially had the same inspection
rating but their ratings did not increase after
self-reporting.

Our results, however, do not support any of the
above inferences. We observe a clear difference in
the number of complaints for nursing homes with the
same Overall rating, indicating that their service quali-
ties are quite different. We also observe no significant
difference for nursing homes whose star rating
increased after self-reporting, indicating that their
reported improvements are highly questionable. The
combined results indicate that the self-reported star
rating increase cannot be simply explained by legiti-
mate efforts, and rating inflation does exist.
To give a quantifiable estimate of the inflation, we

incorporate ideas from the decomposition model
developed by Oaxaca (Bauer and Mathias 2008, Fairlie
2005, Oaxaca 1973), which has been commonly used
for quantifying group differences. Specifically, it
decomposes the total difference between the groups
into two parts: the differences caused by the differ-
ences in individual characteristics, and the differences
caused by inconsistency in the measures. The model
we developed is in line with the Oaxaca’s idea. Using
very restrictive criteria, which we will discuss later in
the study, we divided the nursing homes into honest
ones and potential inflators. We obtain the unbiased
coefficient of the honest nursing homes and use the
coefficients to predict the star ratings of the potential
inflators. By doing this, we systematically control for
differences caused by individual characteristics. A
maximum predicted rating is then calculated for each
of the potential inflators using selected confidence
intervals, and is compared with the observed rating.
If the observed rating is higher than the maximum
predicted rating, then significant inconsistency exists
in the measures, which points to the inflation of self-
reported measures. By running this prediction model,
we can identify likely inflators in the system and
quantify the extent to which they have inflated their
self-reported measures which in turn allow us to
quantify the performance of the CMS’ rating system.

3. Literature Review

The rating inflation problem is an important topic in
many inter-connected fields, including healthcare
facility operations management, healthcare policy
research, and misbehavior detection. In this section,
we first review literature in each related field, and
then discuss the contribution of our work to the
existing literature.

3.1. Healthcare Facility Operations Management
The research on the operations management of
healthcare facilities includes an abundance of schol-
arly work, and research topics can be categorized
based on their focused settings. The first stream of
research analyzes the efficiency of operations and
quality of care at hospitals. This line of research
includes improving the patient scheduling systems
(Cayirli and Veral 2003, Helm et al. 2011) and devel-
oping strategies to address the demand fluctuations
(Jack and Powers 2004), analyzing the effects of
patients’ arrival time (Anderson et al. 2014) or the
hospitals’ objectives (Andritsos and Aflaki 2015) on
the quality of care and creating alternative operations
planning and control systems for curbing the increas-
ing costs of hospital services (Roth and Van Dier-
donck 1995). The other line of operations research
focuses on individual physicians and small clinics.
This stream includes design of public policies and
novel scheduling strategies to reduce waiting time
(Chen et al. 2015) and increase clinic performance
(LaGanga and Lawrence 2012, Salzarulo et al. 2015),
optimization of capacity and resources allocations
and the effect of such improvements on quality of
medical services in both primary (Dobson et al. 2011,
McCoy and Eric Johnson 2014, Zepeda and Sinha
2016) and specialty care settings (Chow et al. 2011,
G€unes� et al. 2015).
Although nursing homes are an important part of

the US health care system, operations and production
management literature often neglects them. To the
best of our knowledge, this line of research is limited
to a few studies on minimizing waiting times (Zhang
et al. 2012) and analyzing the effects of non-profit sta-
tus of nursing homes on their service quality (Ches-
teen et al. 2005).

3.2. Healthcare Policy Research
The health policy literature related to nursing homes
is rich, and we summarize them into three major cate-
gories. The first category of studies aims to examine
how service quality can be quantifiably measured.
Berg et al. (2002) evaluated existing quality indicators
for long-term cares. Mor et al. (2003) used the MDS to
point out that the incident-based nursing home qual-
ity measures can be unreliable. Shwartz et al. (2015)
discussed the importance of using composite indexes
to measure providers’ performance. The second cate-
gory of research mainly focuses on how to improve
nursing home service qualities. Kane and Kane (2001)
compared the senior patients and patients with dis-
abilities to identify the key needs of senior residents
in long-term cares. Walshe (2001) discussed how
improper regulation can potentially detract from
its effectiveness and lead to disappointing results.
Grabowski and O’Malley (2014) discussed how
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telemedicine can reduce hospitalizations for nursing
home residents. Stavropoulou et al. (2015) examined
the performance of incident-reporting systems in
improving patient safety. Many other studies, includ-
ing the one by Mor et al. (2010) pointed out that the
CMS payment incentives do not align incentives of
care providers and care beneficiaries (Rosalie 2003,
Mor et al. 2004, Werner and Konetzka 2010, Werner
et al. 2010). The third category of research discusses
problems existing in the current nursing home mar-
ket, some of which are major barriers for enhancing
service quality. These problems include racial segre-
gation in nursing homes (Smith et al. 2007), public
images distortion (Blendon et al. 2006, Miller et al.
2012), payment policies and litigation issues (Char-
lene et al. 2001, David et al. 2004a,b, Fennell et al.
2010, Smith et al. 2007, Stevenson and David 2003,
2008; William et al. 2014).
In the above healthcare policy research, the ulti-

mate goal is to understand how good services can be
delivered to patients. The nursing homes’ star rating
system is CMS’s attempt to implement the quality
measures developed in the literature and convey the
service quality information to the public in a transpar-
ent manner. The number of studies on this rating sys-
tem is growing since its inception in 2009. Li et al.
(2013) studied the nursing home satisfaction rate in
Massachusetts and found that incorporating con-
sumer’s perspective would improve the CMS nursing
home reporting efforts. Konetzka et al. (2015) found
that the rating system exacerbates disparities in qual-
ity by payer source. To the best of our knowledge, rat-
ing inflation issues have not been examined in the
literature before.

3.3. Misbehavior Detection
Rating inflation is a typical misbehavior that fre-
quently occurs in system operations. The detailed
method used in detecting each type of misbehavior
can be different, but the common strategy is to first
identify the abnormal phenomenon which cannot be
rationalized should the misbehavior not exist, then
explore the underlying incentive, usually financial-
oriented, driving the phenomenon. Mayzlin et al.
(2014) found significant differences in reviews from a
given hotel between Expedia and TripAdvisor. Since
Expedia only allows its customers to post a review, its
posting cost is significantly higher than TripAdvisor,
where everyone can post. Consequently, competitors
have the incentive to post fake reviews on the “free”
TripAdvisor, but not on the “costly” Expedia, and the
results gave a good explanation to the observed dif-
ference in the two websites’ reviews. Duggan and Ste-
ven (2000) conducted a study on Japan’s elite sumo
wrestlers to detect statistical evidence of match rig-
ging, and found that the winning ratio for players on

the margin is significantly higher than players who
are not. They showed that the incentive structure of
promotion leads to gains from trade between wres-
tlers on the margin for achieving a winning record,
and the observed higher winning ratio cannot be sim-
ply explained by legitimate effort. Jacob and Steven
(2003) studied teachers’ cheating behavior using data
from Chicago public schools. He found evidence indi-
cating that high-powered incentive systems, espe-
cially those with bright line rules, may induce
unexpected behavioral distortions such as cheating.
In the above studies, a measure of the abnormal

phenomenon, such as review scores, winning ratio, or
consistent wrong answer patterns, can be easily acces-
sible. However, due to the illicit nature, the people
committing misbehaviors usually attempt not to leave
evidence. As a result, sometimes a good measure of
the abnormal phenomenon cannot be easily identi-
fied, and a good proxy variable is needed to perform
the analysis. DellaVigna and La Ferrara (2010) pro-
posed a method to detect illegal arms trade between
countries under arms embargo using the weapon
manufacturers’ stock prices as a proxy and analyzing
their fluctuations as turmoil and conflicts arise at cer-
tain geographical areas. Engelberg et al. (2014) used
the geographic distance between a doctor’s office and
drug company headquarters to instrument for the
likelihood of pecuniary transfers. They found evi-
dence that doctors tilt prescriptions in favor of the
paying firm’s drugs, shifting away from both branded
and generic substitutes.

3.4. Contribution of the Current Research
This research contributes to the existing literature in
several dimensions. For operation management litera-
ture, nursing homes have not been the research focus
despite their importance in the US healthcare system.
Different from hospitals and clinics, nursing homes’
patients are also residents at the same time, and there-
fore a lot of efficiency-related performance measures
for hospitals and clinics, such as waiting time, read-
mission rates, do not apply for nursing homes. Many
nursing home problems, however, are the results of
chronical misbehaviors in the daily care, which may
not be objectively measured. Our research results pro-
vide a better understanding of the nursing home per-
formance measures and their potential inflation, thus
fill up the gap in the nursing home operations man-
agement field.
For healthcare policy literature, the existing studies

are based on the assumption that the reported data is
truth-reflecting and the unbiased results can be deliv-
ered to the public. If inflation exists in the rating pro-
cedure, then no matter how complete the quality
measures are developed or how effective the policies
are set, they do not have a truth-reflecting and solid
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ground, and thus the results will be biased and mis-
leading. Our research targets the authenticity of the
reported data and the ratings directly, and provides a
solid ground for other research which rely on these
data.
Nursing home rating system inflation belongs to

the type of problems in which the phenomenon, or
the difference between honest nursing homes and
inflators, can be difficult to identify, both cross-sec-
tional and longitudinal. The difficulties lie in the fol-
lowing aspects. First, the inflators are confounded
with the honest nursing homes whose star ratings
also increase after self-reporting, thus ratings cannot
be directly used as a measure of inflation. Further-
more, there has been no audit system implemented
for the self-reported measures, and there is no data
for caught inflators available, which can be used to
summarize unique characteristics of inflators. As a
result, there is no training data for machine learning-
based techniques, making it challenging to design
detection methods. From the time dimension perspec-
tive, the self-reported measures have been used for
years without being audited, thus the rating patterns,
although probably inflated, can be very consistent
over the years. The lack of external shock also makes
it challenging to identify abnormal patterns in the rat-
ing data. To overcome these difficulties, we bring in
the information from the patients’ side, and use the
number of complaints as a proxy variable of the true
service quality. We then derive contradiction to show
that the self-reported rating increase is beyond what
can be explained by legitimate efforts. Theoretically,
our research provides a framework for detecting rat-
ing system inflations: For any product or service to be
rated, the ratings are generated from authority inspec-
tion, self-reporting, consumer reporting, or their com-
binations. The three are correlated and can be good
proxy variables for justifying others and detecting
rating inflation.
Most of the literature only focuses on proving the

existence of misbehaviors. However, system reform
often takes time, and it is always necessary to give a
quantifiable evaluation on the current system’s per-
formance. To the best of our knowledge, few studiess
have addressed this issue before. Our research con-
tributes to the existing literature by not only demon-
strating the existence of rating inflation, but by
providing a systematical method to quantify the
extent of rating inflation.

4. Financial Incentive Analysis

4.1. Data
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 Health
Inspection, Staffing, and Quality Measures. For each
nursing home, these detailed metrics are accompa-
nied 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 1219 nursing homes
in the state of California over the first 5 years since
the inception of the 5-star rating system, that is, from
year 2009 to 2013.
The OSHPD data include detailed financial infor-

mation on California nursing homes over the same
period of time. In this dataset, nursing homes’ source
of revenue is categorized into healthcare and non-
healthcare sections. The healthcare section is further
classified by revenue source into Medicare, Medi-
caid,2 Self-paying, Managed Care, and others. The
corresponding revenue and expense details for each
section are provided, and the profits can be easily
calculated.
The CDPH data are provided through the Health

Facilities Consumer Information System (HFCIS)
website. A consumer portal is also available on the
HFCIS website through which a complaint against a
facility can be filed directly. CDPH inspects nursing
homes at least once every 6 to 15.9 months in
response to these complaints as well as other acci-
dents or incidents that are required to be reported by
nursing homes themselves, such as fires, disasters,
suspected abuse, etc. Depending on the deficiencies
found during the investigation, various types of cita-
tions will be issued. A deficiency violating state laws
will be issued a state citation, and if it also violates
federal law, it will also be reported to CMS and
included in the federal inspection for determining star
rating. The CDPH data we collected contain detailed
patient complaints, which will be used as a proxy of
the nursing home’s service quality. Note that the state
level agency CDPH and the federal level agency CMS,
although may overlap sometimes, have independent
jurisdictions on nursing home inspections. The CDPH
complaints may not be included in CMS’s star rating
procedure, and the deficiencies covered in CMS’s
inspection may not result from a CDPH complaint.

4.2. Nursing Homes’ Financial Incentive
The observed rating improvement consists of both
legitimate efforts and self-reported inflation. In
order to demonstrate the existence of rating infla-
tion, we should show that the rating increase is
beyond a range which can be explained by legiti-
mate efforts. In our model, we perform the financial
incentive analysis to establish the connection
between a nursing home’s financial incentive and
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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 implica-
tions of star ratings for nursing homes. The combined
data have 4433 records for California nursing homes
over the 5 years. The average profit per day per
patient is calculated for nursing homes in each Overall
rating group, as shown in Table 3. 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 exam-
ple, a nursing home that receives 3 stars in Health
Inspection may only expect a $10.79 profit from treat-
ing one patient for 1 day. However, if it gains two
additional stars after self-reporting and achieves an
Overall rating of 5 stars, its expected profit increases
to $19.8. Figure 3 shows the profit trend for each of
the star rating group over the 5 years.
Nursing homes’ total net profits consist of health-

care part and non-healthcare part. The price of health-
care related services is regulated by CMS’s Nursing

Home Prospective Payment System (PPS) (CMS,
2017b), which does not consider nursing homes’ star
ratings. As a result, highly rated nursing homes do
not necessarily gain higher healthcare profits than the
low-rating nursing homes. The non-healthcare related
services, however, are not regulated by CMS. Such
services include residential care services, unrestricted
contributions, and interest income and gains from
investments. Historical data show that highly rated
nursing homes can attract more patients who are in
good financial conditions (typically self-paying and
other resources). These patients are willing to pay
more for good quality non-healthcare services. As a
result, the non-healthcare profits for high-rating nurs-
ing homes can be significantly higher compared with
their low-rating counterparts. Moreover, the
increased demand for services that happens as a
result of high star ratings (Werner et al. 2016) can
reduce their overhead costs and thus lead to an
increase in the net per-patient profit. The results
demonstrate nursing homes’ incentives to achieve the
highest possible ratings from the financial perspec-
tive, and provide a quantifiable metric to measure
such incentives. 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 3. Note that the financial incentive
arises from the expectations in both profits and losses.
It is possible for a nursing home that has received 5
stars in Health Inspection to lose two stars if it receives
one star rating in the self-reported domains. How-
ever, it is very unlikely that a nursing home with per-
fect Health Inspection can be significantly under staffed
or provides very poor quality of care. In our dataset,
while 125 nursing homes initially rated 3 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.

Table 3 Definition of Financial Incentive

Health
inspection
rating

Expected
profit*

Maximum
possible
Overall
rating

Maximum
expected
profit† Financial incentive‡

5 19.801 5 19.801 0
4 13.602 5 19.801 6.199 (Level 5 � Level 4)
3 10.790 5 19.801 9.011 (Level 5 � Level 3)
2 10.108 4 13.602 3.494 (Level 4 � Level 2)
1 9.286 2 10.108 0.822 (Level 2 � Level 1)

Notes: *If inspection rating unchanged. The expected profit is the
average per patient per day profit for the corresponding star rating group.
†If maximum possible Overall rating realized.
‡Difference between expected profit and expected loss.

(a) Using Star Ratings as the Horizontal Axis (b) Using Years as the Horizontal Axis
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Figure 3 Profit Trend over the Period of 2009–2013 [Color figure can be viewed at wileyonlinelibrary.com]
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4.3. Empirical Model Specification
We focus on the change in the star rating that happens
as a result of the self-reported measures. Our depen-
dent variable, StarChange, is equal to the difference
between the Overall rating and the Health Inspection
rating. For example, if the nursing home receives 3
stars from Health Inspection but receives a 5-star Over-
all rating after including its self-reported measures on
Staffing and Quality Measures domains, then the
StarChangewould be equal to two.
By definition, StarChange can only take discrete val-

ues 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, a�2,
a�1, a0, a1, which define the cutoff points of the five
levels. StarChange for nursing home i at year t can be
modeled as follows

P StarChangeit � jð Þ ¼ exp aj þ x0itb
� �

1þ exp aj þ x0itb
� � ð1Þ

where j 2 {�2, �1, 0, 1} and x is a vector of the fol-
lowing independent variables: Incentive, BedCert,
OccuRate, MarketShare, HHI, ForProfit, Medicare, Medi-
caid, CouRes, CouFam, PctgMedicare, PctgMedicaid,
PctgSelfPay, PctgMGD, Chain.
Among the independent variables, the main effect

we consider in our model is the nursing homes’ finan-
cial incentive, denoted by Incentive, and as shown in
Table 3 varies depending on the inspection rating of a
nursing home. The capacity of each nursing home is
measured by the number of certified bed, and is
denoted by variable BedCert. The occupancy of a nurs-
ing home is denoted by variable OccuRate,
OccuRate 2 [0, 1]. Variables BedCert and OccuRate
together, define the average number of residence of a
nursing home. Nursing homes are located in different
areas, and may face different market conditions. To
capture local market features, we use variable Mar-
ketShare to denote the market share of each nursing
home in its local market, defined by health service
area. Based on market share, we also calculate the
Herfindahl–Hirschman Index (HHI), which is widely
used for capturing local market competition, and
included it in our empirical model. Variable ForProfit
defines a nursing home’s ownership type and is equal
to one if the nursing home is for-profit and zero other-
wise. Variables Medicare and Medicaid define a nurs-
ing 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 certi-
fied. By law, nursing homes are required to allow
councils set up by residents or their family members.
These councils facilitate the communication with staff
members and get problems resolved more efficiently.

Since nursing home residents may be more vulnera-
ble than normal people due to their health conditions,
the residential council and family council can function
very differently in resolving issues and handling com-
plaints. 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. The OSHPD
data categorize nursing home payers into five cate-
gories: Medicare, Medicaid, Self-Pay, Managed Care,
and Others. To capture the impact of different payer
percentage on nursing homes’ star rating changes, we
incorporate the percentage of each type of payers.
Four variables, PctgMedicare, PctgMedicaid, PctgSelf-
Pay, PctgMGD are added to denote the percentage of
Medicare payers, Medicaid payers, Self-paying pay-
ers, and Managed care payers. The percentage of
other type payers are excluded due to multicollinear-
ity. In the nursing home industry, a certain amount of
nursing homes is running under some chains. Com-
pared with nursing homes working as separate facili-
ties, nursing homes in chains may have different
operational rules and self-reporting behaviors. In our
pooled California data, we have over 1500 records of
nursing homes in a chain, and there are totally 101
distinct chains. As a result, we do not have sufficient
observations for each of the chains to conduct a fixed
effect analysis. Rather than adding a chain-level fixed
effect, we regroup the nursing homes and add binary
variable chain, which equals 1 if the nursing home is
operating in a chain and 0 if the nursing home is oper-
ating separately. Table 4 provides the summary
statistics of all variables in our model.

4.4. Estimation Results
We estimate Equation (1) by different methods, as
shown in Table 5. The first column shows the estima-
tion results for the pooled data. To deal with potential
endogeneity, we take nursing homes’ fixed effects
into account and run a panel data regression, esti-
mates of which are shown in the second column.
Some of the variables in our model are time-invariant.
For example, if a nursing home is Medicare certified
in the first year, it will most likely remain Medicare
certified throughout the following years. As a result,
we cannot estimate their coefficients directly through
the fixed effect method. To obtain the coefficients of
these time-invariant variables, we implement Haus-
man–Taylor method, as shown in the third column. In
the estimates from all methods, the main effect Incen-
tive is positive and statistically significant, which indi-
cates that nursing homes with higher financial
incentives are more likely to improve their star ratings
after self-reporting. In all the three models, we
observe negative significant coefficients for variable
chain, indicating that for nursing homes operating in
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chains, their star rating increases are less likely to be
driven by their financial incentives.

4.5. Alternative Incentive Definition
In the above section, we define the financial incentive
of nursing homes based on the average per patient
daily profit over the 5-year period. The financial
incentive, however, may vary over the years. For
example, the difference in the average per-patient
daily profit between 3-star nursing homes and 5-star

nursing homes in year t + 1 may be bigger than that
in year t. To capture this change over the years and to
test the robustness of our result, we propose an alter-
native incentive definition in this section. Instead of
looking at a 5-year average level, we instead use the
per patient daily profit difference of the year t to
define nursing homes’ financial incentive of year
t + 1. Table 6 lists the new financial incentive under
the new definition. Table 7 then gives the regression
results under the alternative financial incentive defini-
tion. Similar to the discussion in the previous section,
we also run three models: the pooled data model,
fixed effect model, and Hausman–Taylor model. In all
the three models, the main effect financial incentive is
positive significant, which demonstrates the robust-
ness of our results.

5. Inflation Detection and
Demonstration

5.1. Correlation Analysis
Although the preliminary results show a positive asso-
ciation between the financial incentive and the changes
in the star rating, they do not necessarily indicate infla-
tion in self-reported measures. It is possible that nurs-
ing homes gain the additional stars legitimately
through their true efforts. To explore the underlying
reasons for the changes in ratings, we investigate the
correlation between the Health Inspection domain 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 correla-
tion is expected between the star ratings from CMS
Health Inspection and those of nursing homes’ self-
reported domains. Second, if a nursing home really
puts an effort in improving its care quality, these
efforts should have a lasting effect and lead to better
results in the next year’s Health Inspection and thus
there should be a positive correlation between the star
ratings from self-reported domains in 1 year and
Health Inspection ratings in the subsequent year.
Figure 5 shows the two sets of correlations as

described above. It can be seen that within the same
year, the correlation between Health Inspection and
Staffing is only 0.083, while the correlation between
Health Inspection and Quality Measures is 0.153. The
result clearly indicates inconsistency between the
Health Inspection domain and the self-reported
domains within the same year. For the two consecu-
tive years, the correlation between the Staffing domain
and the Health Inspection in the following year is
�0.094, and the correlation between the Quality Mea-
sures domain and the Health Inspection in the
following year is 0.078. The result indicates that the

Table 4 Variable Summary Statistics

Variable Mean SD Minimum Maximum

Incentive 4.497 3.201 0 9.011
BedCert 101.964 49.579 19 391
OccuRate 0.874 0.172 0.0497 1
ForProfit 0.891 0.292 0 1
Chain 0.767 0.423 0 1
Medicare 0.963 0.188 0 1
Medicaid 0.965 0.183 0 1
CouRes 0.979 0.143 0 1
CouFam 0.230 0.421 0 1
MarketShare 0.0165 0.0159 0.000277 0.125
HHI 5.249 11.271 0.000765 156.314
PctgMedicare 0.154 0.127 0 0.921
PctgMedicaid 0.647 0.235 0 1
PctgSelfPay 0.0838 0.129 0 1
PctgMGD 0.663 0.103 0 0.999

Table 5 Estimates of Equation (1)

Variables Pooled data Fixed effect Hausman–Taylor

Incentive 0.0325*** 0.074*** 0.074***
(0.0906) (0.0144) (0.0143)

BedCert 0.000284 – 0.00162
(0.000655) (0.00207)

OccuRate �0.584*** 0.627 0.445
(0.166) (0.560) (0.468)

ForProfit �0.0128 – �1.578***
(0.112) (0.332)

Chain �0.269*** 0.0265 �0.444**
(0.0698) (0.247) (0.148)

Medicare �0.805*** – �2.684***
(0.170) (0.472)

Medicaid �0.622*** – �1.323*
(0.184) (0.595)

CouRes �0.231 – �0.293
(0.202) (0.536)

CouFam �0.279*** – �0.315
(0.0693) (0.174)

MarketShare �6.79 �71.073* �60.348*
(4.49) (34.363) (28.568)

HHI 0.020*** 0.0777* 0.0781*
(0.00614) (0.0343) (0.0339)

PctgMedicare �2.283*** 4.280*** 4.242***
(0.339) (1.290) (1.269)

PctgMedicaid �0.771*** 1.610 1.819
(0.254) (1.090) (1.080)

PctgSelfPay �0.861*** �4.851*** �4.447***
(0.321) (1.063) (1.042)

PctgMGD �0.446 6.291*** 6.386***
(0.369) (1.207) (1.198)
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self-reported improvements in Quality Measures and
Staffing domains have no lasting effect on the next
year’s Health Inspection results at all. The correlation
analysis serves as a preliminary evidence of potential
inflation, and triggers our further analysis.
For the 5-year period we analyzed, it appears that

the correlation between Health Inspection and Quality
Measures is higher. One interpretation is that the

inflation on the Staffing domain is relatively easier
than that of Quality Measures during this period. We
do notice that CMS is gradually releasing amendment
on the nursing home rating system, and one impor-
tant policy is to require all nursing homes to report
payroll-related staffing data since the beginning of
2016. This shows that the inflation on staffing level is
also one of the major concerns of CMS, and once pay-
roll-related staffing data is reported, the Staffing mea-
sure will become more difficult to be inflated.

5.2. Complaint-based Analysis
In this section, we conduct further analysis to justify
the existence of rating inflation. We identify a quan-
tifiable third-party proxy variable which can serve as
an independent measure of service quality, and com-
pare the results with the star ratings given by the rat-
ing 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

Table 6 Alternative Definition of Financial Incentive

Health
inspection
rating

2010
financial
incentive

2011
financial
incentive

2012
financial
incentive

2013
financial
incentive

5 0 0 0 0
4 0 0 0.38 3.655
3 0 0.687 3.399 5.183
2 2.129 3.525 3.97 2.858
1 0 1.126 1.447 0.937

Notes: The financial incentive of year t is defined using the year t � 1
data. Since the panel we collected is from 2009 to 2013, we have no data
to define incentives for year 2009, and the year 2013 data (which should
be used for 2014 according to the definition) is not used in this
definition. In early years (2009 and 2010), there is no significant
difference in per patient daily profit for some of the rating levels, thus the
financial incentive for improving star rating is defined as 0.

Table 7 Estimates of Equation (1) based on the Alternative Financial
Incentive Definition

Variables Pooled data Fixed effect Hausman–Taylor

Incentive 0.323*** 0.412*** 0.412***
(0.0202) (0.0253) (0.0252)

BedCert �0.000111 – �0.000531
(0.000733) (0.00210)

OccuRate �0.515** 0.050 0.257
(0.190) (0.625) (0.517)

ForProfit �0.0384 – �0.907**
(0.126) (0.352)

Chain �0.288*** �0.336 �0.522***
(0.790) (0.265) (0.148)

Medicare �0.900*** – �2.119***
(0.189) (0.486)

Medicaid �0.461* – �1.309*
(0.203) (0.623)

CouRes �0.273 – �0.244
(0.227) (0.495)

CouFam �0.214** – �0.142
(0.0777) (0.166)

MarketShare �8.128 �5.752 �19.306
(5.101) (39.159) (32.179)

HHI 0.0218** 0.0308 0.0344
(0.00706) (0.0392) (0.0388)

PctgMedicare �2.189*** 0.644 0.828
(0.375) (1.574) (1.551)

PctgMedicaid �0.862** 1.241 1.312
(0.282) (1.264) (1.254)

PctgSelfPay �0.377 �2.206 �1.990
(0.364) (1.281) (1.248)

PctgMGD �0.563 3.397* 3.481**
(0.406) (1.357) (1.350)

CMS Inspec�on
Nursing Home 
Self-reported 

Domains

CMS Inspec�on

Year t Year t+1

The true improvement 
should last and be reflected 
by the following inspec�on

Within a year, the 
measures should be 
consistent

Nursing Home 
Self-reported 

Domains

Figure 4 Graphical Representation of Correlation Analysis [Color
figure can be viewed at wileyonlinelibrary.com]

Note: If star increase resulted from legitimate efforts, then a positive cor-
relation 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 Correlation Analysis for Five Consecutive Years 2009–2013
[Color figure can be viewed at wileyonlinelibrary.com]
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literature of service and complaint management in
many service industries (Anderson et al. 1997, Gard-
ner 2004, Johnson 2001, Rust and Chung 2006). Specif-
ically, we conduct an analysis based on the CDPH
complaint data which is an independently collected
dataset of patient complaints of California nursing
homes. The combined CMS, OSHPD, and CDPH
dataset has 3850 records of California nursing homes
over the 5 years.
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 simi-
lar number of complaints. Table 8a shows the average
number of complaints for nursing homes with differ-
ent Health Inspection and Overall ratings. In view that
larger nursing homes with more patients may get
more complaints, we normalized the number of com-
plaints by the size of a nursing home. The normalized
results are presented in Table 8b. For each Overall rat-
ing level, the nursing homes are divided into two cat-
egories: Nursing homes whose star ratings increased
after self-reporting and nursing homes whose star rat-
ings 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 mea-
sures. 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:

CLAIM 1. If the improvements observed did not result
from legitimate efforts and inflation does exist, nursing
homes with the same Overall star rating but different
Health Inspection ratings should have different complaint
distributions.

The results of two ANOVA tests are presented in
Table 9a. 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 8 have similar distributions.
In the second column, we group nursing homes with
the same Overall rating based on their Health Inspection
ratings. In other words, we examine if all the cells in
each column of Table 8 have similar distributions. As
reported in Table 9a, all the comparisons are signifi-
cant and thus the claim that nursing homes with the
same Overall rating but different inspection ratings
have different complaint distributions is supported.
The ANOVA test results for the normalized com-
plaints are reported in Table 9b, which are similar to
the results in Table 9a and support our conclusion.

CLAIM 2. If the improvements observed did not result
from legitimate efforts and inflation does exist, nursing
homes with the same inspection rating but different Over-
all ratings should have similar complaint distributions.

The results of two ANOVA tests are presented in
Table 10a. In the first column, nursing homes with
the same Health 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 8 have simi-
lar distributions. In the second column, we group

Table 8 Average Number of Patient Complaints

(a) Original complaints
Overall star rating

1 2 3 4 5

Inspection stars 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

(b) Normalized complaints (size = 100)
Overall star rating

1 2 3 4 5

Inspection stars 1 6.505 6.909
2 5.946 5.687 6.210 8.251
3 4.366 4.676 4.860 5.597 4.288
4 4.218 4.459 4.157 3.547
5 9.473 2.517 2.921

Notes: aThe blank cells represent the impossible rating transaction
according to CMS’s rating system design.
bThe shaded cells represent nursing homes of which the ratings
increased after self-reporting. The inflators are among these nursing
homes. We denote the shaded and unshaded areas as Area I and Area II,
respectively.

Table 9 F-statistics: Comparison in Each Overall Rating (a) Original
Complaints (b) Normalized Complaints (size = 100)

(a) F-statistics
Grouped by Area I

vs. Area II
Grouped by

inspection ratings

Overall star rating 1 – 4.61**
2 7.43*** 6.16***
3 13.05*** 5.06***
4 14.22*** 8.35***
5 5.27** 5.70***

(b) F-statistics
Grouped by Area I

vs. Area II
Grouped by

inspection ratings

Overall star rating 1 – 0.94
2 7.77** 3.25*
3 7.2** 2.88*
4 10.15** 5.33**
5 3.92* 2.64
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nursing homes with the same inspection rating based
on their Overall star ratings. In other words, we exam-
ine if all the cells in each row of Table 8 have similar
distributions. As shown in Table 10a, we do not
observe a significant difference in the number of com-
plaints, although the Overall rating can be quite differ-
ent. The results show that service quality does not
improve for nursing homes whose star ratings get
improved after self-reporting and thus Claim 2 is also
supported. Together with the results obtained for
Claim 1, the analysis provides strong evidence of the
existence of rating inflation in self-reported measures.
The ANOVA test results for the normalized com-
plaints are reported in Table 10b, which also support
our conclusion.

6. 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 nursing home that inflates its self-reported

measures, the Overall rating is driven by two compo-
nents. The first component is the observable charac-
teristics 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 Over-
all 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 component of observed characteristics and the
inflation component does not exist among the honest
nursing homes, our regression estimates for the hon-
est 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 coeffi-
cients 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 nur-
sing home is identified as a likely inflator in our esti-
mation if its actual Overall rating is higher than the
highest level of its predicted Overall rating.

6.1. 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 II, OverallRating is ordinal and takes values in
five levels {1, 2, . . ., 5}, so we employ an ordinal
logistic regression model. OverallRating is determined
by a set of parameters c1, c2, c3, c4, which define the
cut points of the five star levels. The model can be
written as

P OverallRating� kð Þ ¼ exp ck þ x0bPð Þ
1þ exp ck þ x0bPð Þ ; ð2Þ

where k 2 {1, 2, 3, 4}. The independent variables
denoted by vector x are the same as the ones used
in Equation (1). The coefficients of prediction model
are denoted by bP.
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 evi-
dence 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.

Our logic for selecting the honest nursing homes is
as follows: We divide the inflators into two different
types. The first type consists of nursing homes which
inflate their self-reported measures to achieve higher
ratings. For these inflators to be identified, a necessary
condition is that they gain additional stars after self-
reporting (there can be honest nursing homes who

Table 10 F-statistics: Comparison in Each Inspection Rating (a)
Original Complaints (b) Normalized Complaints (size = 100)

(a) F-statistics
Grouped by Area I

vs. Area II
Grouped by

Overall ratings

Inspection ratings 1 2.46 2.46
2 0.12 0.12
3 0.78 0.78
4 5.37** 2.00
5 – 1.91

(b) F-statistics
Grouped by Area I

vs. Area II
Grouped by

Overall ratings

Inspection ratings 1 0.5 0.5
2 1.6 1.46
3 0.99 0.77
4 2.51 0.95
5 – 3.3*
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gain the additional stars through legitimate efforts
though). In our first criterion, we excluded all the
nursing homes whose star rating increased after self-
reporting, thus we completely excluded any inflators
of this type. The second type of inflators consists of
nursing homes which inflate their self-reported mea-
sures to avoid losing stars. These nursing homes may
have low Staffing or low Quality Measures that may
lead to decreased Overall ratings. In our second crite-
rion, we excluded nursing homes whose number of
complaints are above the median of its rating level.
By doing this, we excluded nursing homes that may
lose stars due to their poor services, and guaranteed
that the remaining nursing homes deserve staying in
that rating level.
Based on the two criteria, we identify the honest

(H) group, which consists of 1262 nursing home
records in 5 years. The remaining 2588 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.
We run the ordinal logistic regression in Equa-

tion (2) on the sample of honest nursing homes (H
group) to obtain the unbiased estimates of each
coefficient. The regression results for the honest
group is reported in Table 11. Both the 95% and
90% confidence interval are calculated. Using the
upper bounds of unbiased coefficient estimates, we
then predict the highest possible 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 pre-
dicted through our model. Based on the 95% confi-
dence interval, we can identify 147 inflator records
out of the 2588 nursing home records (5.68%) in the
PI group. Based on 90% confidence interval, we can
identify 219 inflator records (8.46%) in the PI group.
We observe that nursing homes with 4-star Health

Inspection ratings compose the largest proportion
(41.6%) of the likely inflators identified. A possible
explanation is that it is easier for these 4-star nursing
homes to cover up their “slightly” inflated self-report-
ing, and it is less likely to trigger a red flag in case of
an audit.

6.2. 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 likely inflators
nor identified as honest ones. The remaining data-
set consists of 1481 nursing home records, in which
1262 records are for honest nursing homes and 219
records are for the likely inflators identified using
a 90% confidence interval. The status of a nursing
home is assigned as 0 if it belongs to honest group
and 1 if it is a likely inflator. To perform the vari-
able importance analysis, we use the logistic speci-
fication presented in Equation (3).

logit �ð Þ ¼ x0b ð3Þ
where k is the probability of being identified as an
inflator, x is the vector of variables that were also
used in Equations (1) and (2).
The variable importance analysis results are pre-

sented in Table 12. Among the variables, we find the
variable BedCert 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 percentage of self-
paying is also a key variable contributing to being an
inflator. As discussed earlier in the incentive defini-
tion section, self-paying patients are typically good in

Table 11 Estimates of the Honest Group

Variables Coefficients

Incentive 0.102***
(0.0184)

BedCert �0.0115***
(0.00125)

OccuRate 0.863**
(0.300)

ForProfit �1.491***
(0.208)

Chain �0.430***
(0.130)

Medicare �2.853***
(0.563)

Medicaid �1.580***
(0.408)

CouRes �0.613
(0.420)

CouFam 0.646***
(0.122)

MarketShare 2.234
(8.146)

HHI 0.00889
(0.0116)

PctgMedicare �0.330
(0.758)

PctgMedicaid �0.0678
(0.626)

PctgSelfPay 1.582*
(0.718)

PctgMGD �2.551***
(0.793)
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financial situations and they contribute significantly
to nursing homes’ non-healthcare profits. Since non-
healthcare pricing is not regulated by CMS, highly
rated nursing homes typically charge much higher
prices on non-healthcare services than low-rating
nursing homes. It is reasonable to believe that many
nursing homes with high percentage of self-paying
patients are inflating their self-reported measures in
order to gain more non-healthcare profits. The results
also indicate that nursing homes with family type
councils are more likely to be inflators. Another vari-
able Chain also has a very high importance. Note that
in section 4, our results suggest that nursing homes in
chains are less likely to be driven by their financial
incentives to improve star ratings. One possible expla-
nation for these results is that nursing homes in these
franchises follow chain-level decisions for self-report-
ing, which are less sensitive to individual nursing
home’s financial incentive. It is possible for some
chains to inflate self-reported measures throughout
their facilities. Besides the variables discussed above,
Incentive and ForProfit are also important factors for
being an inflator. For-profits nursing homes are more
likely to inflate their self-reported ratings than the
non-profits ones, and the higher their financial incen-
tives are, the more likely they will be inflators. This
result is consistent with the work of Chesteen et al.
(2005). The probability of being an inflator, on the
other hand, is less likely to be affected by market com-
petition (e.g., HHI, Market Share) and certification sta-
tus (Medicare, Pctg_Medicare, Medicaid, Pctg_Medicaid,
etc.).

7. Conclusion

This study systematically analyzes CMS’s nursing
home rating system, demonstrates the existence of
inflation, and presents a model to detect likely infla-
tors. We show that nursing homes with stronger

financial incentives are more likely to improve their
star ratings after self-reporting, either through
improving service quality or through inflating self-
reported measures. We then develop a systematical
method which uses independent third-party measure
of patient complaints to demonstrate the existence of
rating inflation. An inflation prediction model is then
developed, which provides an estimate of the propor-
tion of inflating nursing homes in the current system,
and gives a quantifiable evaluation of the system per-
formance. The variable importance analysis is then
performed to identify the key characteristics of an
inflator.
Our research provides several contributions. First,

to the best of our knowledge, this is the first study that
systematically investigates the inflation in the CMS
nursing home rating system. It explores the funda-
mental financial reason for a nursing home to
improve the star rating, even by inflating self-
reported measures, which links the dots between
incentives and the observed behavior. Second, we
contribute to the theory by developing a systematical
method for demonstrating the existence of rating
inflation and evaluating the inflator proportion. As
we discussed earlier, although CMS has announced
amendment policies to improve the rating system, the
rating generation mechanism still heavily depends on
the self-reported measures, and thus the issue of infla-
tion still exists. This research demonstrates the short-
coming of the current rating system and provides a
guideline for CMS on how to improve the rating sys-
tem. The characteristics summarized for the likely
inflators provide valuable information for CMS to
develop an effective audit system in the future.
This work also has several limitations. First, we are

unable to measure the financial incentive for each
nursing home at individual level. This is practically
very difficult, since even for the same nursing home
staying in the same rating level, the financial incentive
may vary over the time due to various financial situa-
tions. To address this limitation, we perform our anal-
ysis on an aggregated level for each rating group, and
use the group average as the incentive for nursing
homes in the same group, leaving the unobserved
incentive fluctuations to the nursing homes fixed
effects. Second, since CMS does not have an audit sys-
tem in place, there is no data for detected inflators
available for us to evaluate the performance of our
prediction model. Such difficulties caused by data
limitation are a common issue in misbehavior detec-
tion research. We address this limitation by calculat-
ing the highest possible rating using confidence
intervals and giving conservative predictions. Third,
we are only able to measure patient complaints in
numbers, but not in “severeness.” For example, a
complaint on medical malpractice may have much

Table 12 Variable Importance Analysis

Variables Variable importance

BedCert 0.405
Pctg_SelfPay 0.288
Cou_Fam 0.274
Chain 0.264
Incentive 0.254
Occu_Rate 0.194
ForProfit 0.182
HHI 0.176
MarketShare 0.171
Pctg_MGD 0.122
Medicaid 0.109
Pctg_Medicaid 0.097
Cou_Res 0.066
Pctg_Medicare 0.043
Medicaid 0.041
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more impact than a complaint on sanity. Future
research may consider applying text mining tech-
niques to address this limitation.
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Notes

1Additional conditions apply to nursing homes which are
in the CMS’s Special Focus Facility program.
2In California, Medicaid is referred to as Medi-Cal. How-
ever, we use Medicaid as the category name in this study,
in order to avoid confusion for readers from other states.
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