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1  | INTRODUCTION

Ensuring that all Americans have equal access to high- quality health 
care is a core goal of the US health care system, but the quality of 
care is difficult to measure. The National Academy of Medicine notes 
that there are multiple aspects of health care quality: care should 
be safe, timely, equitable, effective, efficient, and patient- centered. 
Patient- centered care is defined as care that is “respectful of and 
responsive to individual patient preferences, needs, and values, and 
[ensures] that patient values guide all clinical decisions”.1

Patient experience measures indicate the extent to which care 
is patient- centered.2 Anhang Price et al.3 reviewed the literature 
and concluded that better patient experiences are positively asso-
ciated with patient adherence, use of some recommended clinical 
processes, better hospital patient safety culture, and lower unnec-
essary utilization, especially in the inpatient setting. However, many 

of the reviewed studies reported weak or no associations between 
patient experiences and clinical outcomes, suggesting that patient 
experiences and clinical measures may reflect different dimensions 
of health care quality. Manary et al.4 concluded that patient expe-
rience represents a dimension of health care quality distinct from 
other dimensions. For example, Veterans Affairs (VA) hospitals have 
been found to perform better than non- VA hospitals on most out-
come measures, but VA hospitals did worse on patient experience 
and behavioral health measures.5

Donabedian provided a framework for examining health care quality, 
which makes a distinction between structural measures, process mea-
sures, and outcome measures.6 The Agency for Healthcare Research and 
Quality provides guidance for the selection of quality measures using both 
the Donabedian framework and the National Academy of Medicine’s six 
domains of health care quality.7 A review of public reporting programs 
from 2010 found that most report quality measures from several different 
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domains.8 The Centers for Medicare & Medicaid Services’ (CMS’) Hospital 
Value- Based Purchasing Program uses a multidimensional approach of 
measuring hospital quality by rewarding hospitals based on four domains 
of quality: safety, clinical care, efficiency and cost reduction, and patient 
and caregiver- centered experience of care.9–11

Using a principal component analysis of Ridit scores,12 Lieberthal 
and Comer13 created an overall measure of hospital quality by com-
bining 71 variables that are a mixture of structural characteristics, 
patient readmission and mortality rates, clinical process measures, 
and patient experience measures. Ridit scores were originally devel-
oped to transform ordinal variables into a probability scale,14 but can 
be applied to continuous and dichotomous indicators, as was done 
in Lieberthal and Comer.13 Patient experience was measured using 
the Consumer Assessment of Healthcare Providers and Systems 
(CAHPS®) Hospital survey (HCAHPS).15,16 Twenty measures of hos-
pital characteristics that are not traditionally considered measures 
of quality were also included, such as the number of beds and vol-
ume of patients. While such structural characteristics may be cor-
related with quality, they do not directly reflect the quality of care 
provided. A preferred approach is to directly measure the quality of 
care directly and assess how it varies by system characteristics. For 
example, it has been shown that the number of beds in a hospital has 
different associations with HCAHPS and clinical quality indicators.17

A key assumption of Lieberthal and Comer13 is that all 71 measures 
used in their analysis are indicators of a single underlying hospital 
quality dimension, identified by the first principal component of the 
Ridit scores. However, no diagnostic information is presented from the 
principal component analysis to support the assumption of unidimen-
sionality and the use of a single principal component. In other studies, 
quality indicators have been shown to be multidimensional.18–22 Based 
on their analysis, Lieberthal and Comer concluded that

patient satisfaction is a poor measure of quality…. the 
best hospitals were not the ones that were the quiet-
est or that had the most responsive clinicians. Busier 
hospitals tended to have better performance… These 
hospitals scored high using process and outcome vari-
ables and indicators of volume, but only in the middle 
in terms of patient satisfaction13  p. 32.

We reanalyze the data of Lieberthal and Comer13 using the same an-
alytic approach that they used to assess the assumption that the 71 
indicators reflect a single underlying construct. We also perform an 
exploratory factor analysis limiting the quality measures to a more 
conventional set, specifically, those included in the CMS’ Hospital 
Value- Based Purchasing Program. The CMS’ Hospital Value- Based 
Purchasing Program does not include hospital structural characteristics 
(eg, patient volume) because, as noted above, delivery system charac-
teristics are not considered indicators of care quality. The performance 
period for the Hospital Value- Based Purchasing Program for 2013 was 
July 1, 2011 through March 31, 2012, which partially overlaps with our 
study years. Domains covered by the Hospital Value- Based Purchasing 
Program for 2013 were patient experience and clinical processes.

2  | METHODS

2.1 | Measures

The 71 indicator variables used by Lieberthal and Comer13 included 
20 structural measures, 26 clinical process measures, six patient 
outcome measures (patient readmission and mortality rates), and 10 
patient experience measures. The 10 patient experience measures 
were used to create 19 indicators, by calculating both a top- box (per-
cent of responses in the highest response category) and middle- box 
score for each. More typically, either only top- box scores are used, as 
is done in the Hospital Value- Based Purchasing Program, or the full 
range of top- , middle- , and bottom- box scores is reported, such as 
on the Hospital Compare website.23 When assessing the Lieberthal 
and Comer13 assumption of a single underlying construct, we use 
the top- box and middle- box representation of the patient experi-
ence measures to be consistent with their analyses. However, when 
we perform the exploratory factor analysis, we use a more tradi-
tional representation of the patient experience measures by limiting 
the quality measures to those included in the Hospital Value- Based 
Purchasing Program, which uses only top- box scores.

All clinical process, patient readmission and mortality, and patient 
experience measures were obtained from the Hospital Compare data-
base (archives dated October 1, 2010 and October 1, 201124); a similar 
dataset was used in Lieberthal and Comer.13 Structural measures from 
Hospital Compare were supplemented with measures from the 2012 
American Hospital Association Annual Survey. A complete list of indi-
cators used in these analyses is in the Supporting Information.

2.2 | Analysis

Principal component analysis of Ridit scores requires a complete 
dataset. While other imputation strategies are perhaps prefer-
able,25 we used mean imputation to be consistent with Lieberthal 
and Comer.13 We developed an R function26 to conduct the principal 
component analyses of Ridit scores and confirmed the validity of our 
code by comparing the output to examples provided in the appen-
dix of Brockett et al.12 and in Lieberthal and Comer.27 Our R code is 
available upon request from the first author.

Lieberthal and Comer13 approach of combining the 71 indica-
tors into a single measure of hospital quality assumes that there is 
a single underlying construct of hospital quality represented by the 
measures. We reanalyze the data similar to theirs and examine mul-
tiple principal components from the Ridit scores. We examine cor-
relations of the principal components with a select set of measures 
from the 2011 Hospital Compare database. This allows us to verify 
that hospital quality scores derived using 2010 data are predictive of 
hospital quality measurement in 2011.

To be consistent with the existing literature on hospital quality 
measurement, an exploratory factor analysis was also performed 
on a set of indicators consistent with CMS’ Hospital Value- Based 
Purchasing Program. This set does not include structural measures 
or the middle- box scores of the patient experience measures.
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3  | RESULTS AND DISCUSSION

Lieberthal and Comer13 commented that for the HCAHPS patient 
experience measures, “In many cases, the variable weight for the 
mid- level response was of similar magnitude but was in the op-
posite direction of the corresponding high- level response. Taken 
together, these variable weights largely cancel out. Thus, the con-
tribution of patient satisfaction variables to scores is less than the 
individual variable ranks imply” (p. 24). This conclusion only holds 
if the “middle-box” and “top-box” responses occur at the same rate 
in most hospitals—that is, if the percentage of respondents who 
answer “always” is the same as the percentage who respond “usu-
ally” within most hospitals. However, this is not the case (Table 1) 
as “top-box” responses (eg, “always”) are far more common than 
“middle-box” responses (eg, “usually”). Further, the HCAHPS pa-
tient experience measures explain 88% of the variance in the first 
principal component of Ridit scores, compared to 7% for the clini-
cal process measures, 2% for the structural measures, and less 

than 0.1% for the outcome measures. Hence, most of the varia-
tion in the first principal component is explained by the patient 
experience measures. That is, the weights corresponding to the 
“middle-box” and “top-box” patient experience measures do not 
cancel out.

Lieberthal and Comer13 also concluded that “patient satisfaction 
is a poor measure of quality” (p. 32) by estimating the first principal 
component of Ridit scores using only patient experience and hos-
pital structural measures and correlating the resulting scores with 
heart attack, heart failure, and pneumonia mortality rates. They 
found that better patient experience was correlated with higher 
mortality rates and concluded that patient experience is a poor mea-
sure of quality. Since Lieberthal and Comer13 assume that hospital 
quality is unidimensional and assess the first principal component 
based on correlations with mortality and readmission rates, they as-
sume that the single dimension of hospital quality is fully captured 
by mortality and readmission rates. In addition, positive patient ex-
periences could be related to higher mortality rates. For example, 

TABLE  2 Correlation of 1st and 2nd principal components of Ridit scores from 2010 with select 2011 Hospital Compare measures in 
4629 hospitals

Measure

Including patient experience in principal component 
analysis1

Excluding patient experience from principal 
component analysis2

Correlation with 1st 
principal component

Correlation with 2nd 
principal component

Correlation with 1st 
principal component

Correlation with 2nd 
principal component

Heart failure mortality (count) 0.43 0.42 0.59 −0.26

Heart failure mortality rate −0.15 −0.03 −0.12 0.07

Always receive help −0.73 0.12 −0.36 0.02

Usually receive help 0.65 0.03 0.38 −0.01

Heart attack patients given 
aspirin at arrival

0.17 0.19 0.25 −0.01

1Includes all 71 indicator variables: 20 structural measures, 26 clinical process measures, 6 patient readmission and mortality rates, and 19 patient 
experience indicators. 
2Includes 52 indicator variables: 20 structural measures, 26 clinical process measures, and 6 patient readmission and mortality rates. 

TABLE  1 Mean hospital- level percent 
endorsing each HCAHPS response option 
from the Hospital Compare database 
dated October 1, 2011

HCAHPS measure Number of hospitals Top box Middle box

Hospital clean 3829 71% 19%

Hospital quiet 3829 58% 30%

Doctors communicated well 3829 80% 15%

Nurses communicated well 3829 76% 19%

Received help 3829 64% 25%

Pain well controlled 3829 69% 23%

Staff explained new 
medications

3825 61% 18%

Recommend hospital 3828 70% 25%

Staff gave discharge 
information

3827 82% 18%

9 or 10 7 or 8

Overall hospital rating 3828 68% 23%
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sicker patients may receive more attention, especially near the end 
of life.28

We reexamined the correlation of the principal components of 
Ridit scores with mortality rates, but also considered the correlation 
with other measures of quality. We ran the analysis in two ways: 
(a) including the full set of indicators and (b) excluding the patient 
experience measures. This allowed us to examine the impact that 
the inclusion of patient experience measures has on the correlation 
between the principal component scores and various quality mea-
sures. Table 2 shows the product- moment correlations between the 
first two principal components of Ridit scores from 2010 and a rep-
resentative set of the indicators from 2011. Two years of data are 
used to assess how scores calculated in 2010 are correlated with 

indicators of quality in 2011. The sign of the correlations and the 
direction of the principal component scores are arbitrary because 
the direction of loadings on principal components is arbitrary. The 
first principal component of Ridit scores from 2010 that included all 
indicators is highly correlated with the patient experience measures 
from 2011 (correlations of - 0.73 and 0.65 for always received help 
and usually received help, respectively). However, the correlations 
between the first principal component of Ridit scores from 2010 
that exclude patient experience measures and the patient experi-
ence measures from 2011 are about half as large (correlations of 
- 0.36 and 0.38 for always received help and usually received help, 
respectively). This indicates that patient experience is a dimension 

of quality not fully represented by the other measures.

TABLE  3 Standardized factor loadings for 25 Commonly Used Indicators of Hospital Quality (loadings less than 0.150 in absolute value 
suppressed)

Factor 1 Factor 2 Factor 3 Factor 4

Heart attack patients given fibrinolytic agent within 30 minutes of arrival (AMI- 7a)

Heart attack patients given PCI within 90 minutes of arrival (AMI- 8a) 0.154

Heart failure patients given discharge instructions (HF- 1) 0.518

Pneumonia patients whose initial emergency room blood culture was performed prior 
to the administration of the first hospital dose of antibiotics (PN- 3b)

0.492

Pneumonia patients given the most appropriate initial antibiotic (PN- 6) 0.535

Surgery patients who were given an antibiotic at the right time (within one hour 
before surgery) to help prevent infection (SCIP- INF- 1)

0.461

Surgery patients who were given the right kind of antibiotic to help prevent infection 
(SCIP- INF- 2)

0.338 0.229

Surgery patients whose preventive antibiotics were stopped at the right time 
(SCIP- INF- 3)

0.424

Heart surgery patients whose blood sugar (blood glucose) is kept under good control 
in the days right after surgery (SCIP- INF- 4)

Surgery patients whose urinary catheters were removed on the first or second day 
after surgery (SCIP- INF- 9)

0.341

Surgery patients on beta blockers before coming to the hospital who were kept on 
the beta blockers during the perioperative period (SCIP- CARD- 2)

0.37

Surgery patients whose doctors ordered treatments to prevent blood clots after 
certain types of surgeries (SCIP- VTE- 1)

0.914

Patients who got treatment at the right time to help prevent blood clots after certain 
types of surgery (SCIP- VTE- 2)

0.879

Hospital always clean (H- CLEAN- HSP- A- P) 0.744

Hospital always quiet (H- QUIET- HSP- A- P) 0.680 −0.173

Doctors always communicated well (H- COMP- 2- A- P) 0.812

Nurses always communicated well (H- COMP- 1- A- P) 0.957

Patients always received help (H_COMP_3_A_P) 0.894

Pain was always well controlled (H_COMP_4_A_P) 0.832

Staff gave discharge information (H_COMP_6_Y_P) 0.538 0.334

Staff always explained new medications (H_COMP_5_A_P) 0.836

Hospital rated 9- 10 (H_HSP_RATING_9_10) 0.832 0.151

PN morality rate (MORT_30_PN) 0.585

HF mortality rate (MORT_30_HF) 0.649

HA mortality rate (MORT_30_AMI) 0.457
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To explore this further, we considered more than just the first prin-
cipal component of Ridit scores. Eighteen of the principal components 
for the 71 indicators were greater than one (Guttman’s weakest lower 
bound).29 A scree plot of eigenvalues indicated multiple underlying 
dimensions (not shown). We restricted our attention to the first two 
principal components of the Ridit scores for 3 reasons: (a) ease of pre-
sentation, (b) the conclusions of Lieberthal and Comer13 can be refuted 
with the inclusion of only one additional dimension of quality, and (c) 
we perform a more comprehensive exploratory factor analysis next.

Table 2 includes the product- moment correlations between the 
second principal component of Ridit scores from 2010 and a repre-
sentative set of the indicators from 2011. Considering only the prin-
cipal component model that includes all indicators, we see that the 
second principal component of Ridit scores is not correlated with 
patient experience measures from 2011 (correlations of 0.12 and 
0.03 for always received help and usually received help, respectively). 
Along with the previous results, this indicates that when including all 
71 indicators, the first dimension was defined by patient experience. 
The second principal component of Ridit scores is still correlated with 
mortality and process measures from 2011, indicating that it is cap-
turing a dimension of quality that is not measured by patient experi-
ence. Again, the results of our principal component analysis of Ridit 
scores are consistent with multiple dimensions of hospital quality.

Next, we perform an exploratory factor analysis using only the 
measures that are commonly considered indicators of care quality. 
We exclude all structural characteristics of hospitals and restrict our 
attention to the measures included in CMS’ Hospital Value- Based 
Purchasing Program for FY2014. These measures were selected by 
CMS as domains on which hospitals are rewarded for high- quality care. 

The set of indicators used in this analysis is shown in Table 3. As noted 
above, the middle- box patient experience scores are not in this set.

We performed an exploratory factor analysis on the reduced set 
of 25 quality indicators. There were 6 eigenvalues exceeding one in 
a principal component analysis of the correlation matrix. The scree 
plot of the eigenvalues (Figure 1) suggested up to 4 factors. We es-
timated a 4- factor solution using Promax oblique rotation. Factor 
loadings are presented in Table 3. Patient experience measures 
loaded on the first factor. Several heart failure, pneumonia, and 
surgery clinical process measures loaded on the second factor. Two 
clinical processes measuring appropriate use and timing of venous 
thromboembolism prophylaxis loaded on the third factor. Heart 
failure, heart attack, and pneumonia mortality rates loaded on the 
fourth factor.

In summary, the exploratory factor analysis suggests that there are 
four underlying constructs: one measured by patient experience, two 
measured by clinical processes, and one measured by patient mortality.

4  | CONCLUSIONS

The assumption that hospital quality is a single dimension is em-
pirically testable and was rejected in the analyses reported here. 
Hence, our analyses provide support for multidimensionality and 
indicate that an unwarranted assumption of unidimensionality can 
lead to incorrect inferences. In this instance, incorrect assumptions 
of unidimensionality resulted in incorrect conclusions about the va-
lidity of patient experiences measures. Our findings highlight the 
need to measure quality using indicators that capture the multiple 

F IGURE  1 Scree plot of eigenvalues from the exploratory factor analysis of 25 indicators of hospital quality
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dimensions of quality. The quality measurement that corresponds 
to the multiple underlying dimensions is necessary to identify per-
formance on specific aspects of care and improve quality. In addi-
tion, these findings highlight the importance of limiting inputs to 
quality measures, since including structural correlates that are not 
themselves indicative of quality can reward structure and penalize 
hospitals whose performance is unusually good compared to other 
hospitals with similar structure

Our analyses were focused on the assessment and measurement 
of multiple dimensions of hospital quality, but it may still be of inter-
est to produce a single overall quality measure. It is important that 
the overall quality measure is not an arbitrary function of tangential 
aspects of the inputs, such as the number of quality measures in 
each domain included in the analysis. For example, if nine patient 
experience measures and one clinical process measure are included 
in a principal component analysis, the first principal component will 
tend to align with patient experience. A better approach is to mea-
sure and report each dimension of quality and, where needed, assign 
importance weights to the dimensions.

For example, CMS weights and combines different aspects of 
hospital quality to produce an overall star rating on its Hospital 
Compare website. In addition, CMS’ Hospital Value- Based 
Purchasing Program bases payment on 30% patient experience, 
30% patient outcomes, 20% clinical processes, and 20% effi-
ciency.30 Reporting about separate aspects of care and combin-
ing these indicators together provide both specific information 
and an overall indication of hospital quality that reflects policy 
priorities.
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