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Background: The delivery of healthcare depends on individual
providers, coordination within teams, and the structure of the work
setting. We analyzed the amount of variation in technical quality and
patient satisfaction accounted for at the patient, provider, team, and
medical center level.
Methods: Data abstracted from Veterans Health Administration
patient medical records for 2007 were used to calculate measures
of technical quality based on adherence to best practice guidelines in 5 domains. Outpatient satisfaction was obtained from a
2007 standardized national mail survey. Hierarchical linear models that accounted for the clustering of patients within providers,
providers within teams, and teams within medical centers were used
to partition the variation in technical quality and satisfaction across
patients and components of the system (ie, providers, teams, and
medical centers).
Results: Providers accounted for the largest percent of system-level
variance for all technical quality domains, ranging from 46.5% to
71.9%. For the single-item measure of patient satisfaction, medical
centers, teams, and providers accounted for about the same percent
of system-level variance (31%–34%). For the doctor/patient interaction scale providers explained 59.9% of system-level variance,
more than double that of teams and medical centers. For all the
measures, the residual variance (composed of patient-level and
random error) explained the largest proportion of the total variance.
Conclusions: Providers explained the greatest amount of systemlevel variation in technical quality and patient satisfaction. However,
in both of these domains, differences between patients were the
predominant source of nonrandom variance.
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C

linical performance measures are increasingly being used
to profile individual providers for the purpose of assessing quality of care.1,2 One recent but rapidly expanding
application of such profiling has been in the design of
pay-for-performance (P4P) programs. In many P4P programs, financial incentives are used to reward individual
providers, typically physicians, for achieving quality-related
performance targets. However, evidence has been accumulating that calls into question the assumption that individual
providers are the primary drivers of process and outcome
variation3– 6 and studies on the impact of P4P programs have
yielded mixed results.7–13
We identified limitations in the extant research on
practice variation. First, research has focused on differences
between geographic regions, hospitals, and individual providers with little or no attention to teams.6,14 –18 Several major
conceptual developments including the application of total
quality management/continuous quality improvement (QI) to
healthcare and the evolution of the concept of clinical microsystems have led to an appreciation that the delivery of
healthcare depends substantially on teamwork among different types of healthcare providers.5,14 Given these developments and despite the difficulty of unambiguously defining a
team in many situations, it is important to assess practice
variation at the team level.
Second, most previous studies of practice variation
have focused on provider variation with respect to technical
quality and process outcomes.4,5,16,18 However, patient ratings and reports of their healthcare experiences are commonly used as indicators of the quality of care and are an
important dimension of overall healthcare delivery.19,20
Third, among existing studies on practice variation,
there are substantial differences in both methods and findings.4,5,21 In particular, many studies have been relatively
limited in the size and nature of the patient groups studied or
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have concentrated on patients in only one geographic location.22 Furthermore, different analytic techniques have been
used across studies, as well as different definitions of the
denominator in computations of the percent of variance
accounted for. Finally, these studies have been conducted in
a wide variety of settings.
This study is designed to address these shortcomings.
We sought to determine the amount of variation in both
technical quality and patient satisfaction that is accounted for
at the patient, provider, primary care team, and medical
center level in a large national sample of patients who
received care through the Veterans Health Administration
(VA). This study is intended to help managers and clinicians
identify the levels at which there is the most potential to
reduce variations through targeted interventions.

METHODS
Overall Setting and Design
This study involved the secondary analysis on both
technical quality and patient satisfaction data in the VA. The
VA is the largest integrated healthcare system in the United
States and operates 765 ambulatory care facilities and 153
acute-care inpatient medical centers, providing care to 5.58
million unique patients annually.23
The identification of primary care teams was a key
element of the study design. We drew on the definition by
Cohen and Bailey24 of a team as an interdependent collection
of individuals with shared responsibility for certain outcomes, and who are seen by themselves and others as an
intact social entity, embedded within one or more larger
social systems. Accordingly, we defined a primary care team
as the group of providers responsible for the care of a
specified set of patients. In the VA, primary care teams may
be hospital based or work in a free-standing communitybased outpatient clinic. At larger facilities, hospital-based
primary care providers may be divided into multiple teams
(eg, “Red Team” and “Blue Team”).
We created 2 patient level analytic datasets by merging
the technical quality of care data and the patient satisfaction
survey data each with a file containing a provider identification number (ID) for the relevant episode of care (eg, the visit
that triggered the patient satisfaction survey). The VA Primary Care Management Module database includes provider
ID numbers (which are unique to each provider) and primary
care team assignments. Thus, we were able to link outcomes
with providers, teams, and medical centers.

Variables and Data Sources
Technical Quality
To measure the technical quality of care, we selected 12
key performance indicators for which VA senior managers
are held accountable including: (1) measures of intermediate
patient outcomes presumed to reflect adherence to disease
management guidelines for 3 chronic conditions— diabetes,
acute myocardial infarction (AMI), and hypertension; and (2)
measures of adherence to preventive medicine recommendations in 2 domains— cancer screening and immunizations
(Table 1). We created up to 5 disease-specific adherence
© 2010 Lippincott Williams & Wilkins
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TABLE 1. Technical Quality of Care Measures
Disease Category

Type

Description

Diabetes
Diabetes
Diabetes
Hypertension
Hypertension
Cancer
Cancer
Cancer
Immunizations
Immunizations
Acute myocardial
infarction
Acute myocardial
infarction

Outcome
Outcome
Outcome
Outcome
Outcome
Process
Process
Process
Process
Process
Outcome

LDL-C ⬍120
BP ⱕ140/90
BP ⱖ160/100 or not done*
BP ⱖ160/100 or not recorded*
BP ⱕ140/90
Breast screen (HEDIS) all ages
Cervical screen (HEDIS)
Colorectal screen (HEDIS)
Influenza
Pneumococcal
LDL-C ⬍100 most recent
and full lipid panel in past 2 yr
LDL-C ⱖ120*

Outcome

*Measures were reverse coded in the calculation of adherence rates.
LDL-C indicates low-density lipoprotein cholesterol; BP, blood pressure; HEDIS,
Healthcare Effectiveness Data and Information Set.

measures for each patient by dividing the number of preventive medicine recommendations fulfilled and/or intermediate
outcome levels achieved by the total number for which the
patient was eligible.
We obtained patient-level data on adherence from the
VA fiscal year 2007 External Peer Review Program administered by the VA Office of Quality and Performance. The
charts of selected patients with target diagnoses are reviewed
by trained staff using detailed protocols to check whether
specific evidence-based standards of care have been applied.
These measures are then widely distributed and used as
performance measures across VA.25 Of the 42,836 records in
the 2007 External Peer Review Program dataset, there were
3713 patients associated with 1327 providers whose IDs
could not be matched to a primary care team, and an additional 1819 patients were not eligible for any of the 12 key
performance indicators. Thus, our final technical quality analytic dataset contained measures from 37,304 patient records
cared for by 4715 primary care providers within 1274 teams
at 128 medical centers. The average number of patients per
provider varied by disease category with the lowest number for AMI (2.6 patients per provider) and the highest for
cancer screening (6.0 patients per provider). Although there
were too few patients per provider to profile providers, there
were a sufficient number to examine the relative magnitude of
variances at different levels of the hierarchy.

Patient Satisfaction
We measured patient satisfaction using patient-level
data from the VA fiscal year 2007 Survey of Health
Experiences of Patients (SHEP), also administered by
Office of Quality and Performance. The satisfaction module of the ambulatory care SHEP is based on the Picker
Institute surveys of patient-centered care, and standard
scoring algorithms involve 38 multiple-response items that
yield multi-item scales assessing patient perceptions on 8
dimensions (Table 2).26 The outpatient SHEP also includes a
www.lww-medicalcare.com |
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TABLE 2. Outpatient Satisfaction Indices and Component Scales

Delivery system index
Access
Continuity
Visit coordination
Overall coordination
Doctor/patient interaction index
Preferences
Emotional support
Education/information
Courtesy

Number of
Items

Sample Item

7
1
5
6

Were you able to get this clinic appointment as soon as you wanted?
Is there one provider or team in charge of your VA care?
Did someone tell you how you would find out about the results of your tests?
Were the providers who cared for you familiar with your most recent medical history?

5
4
7
2

Did the provider listen to what you had to say?
Did you have confidence and trust in the provider you saw?
When you asked questions, did you get answers you could understand?
Overall, how would you rate the courtesy of your provider?

single-item assessment of overall quality (“Overall, how
would you rate the quality of care you received during the
past 2 months?”) that uses a 5-point “poor” to “excellent”
Likert response scale, with a higher score indicating a more
favorable assessment.
For this study, we used 3 measures of patient satisfaction. Based in part on the distinction between technical and
interpersonal elements of quality proposed by Donabedian,27
we computed 2 composite indices by taking the simple
average of each patient’s scores on the relevant SHEP scales
(Table 2). As an index of satisfaction with the delivery
system, we averaged the patient’s scores on the access,
continuity of care, visit coordination, and overall coordination (across visits over time) scales. As an index of satisfaction with the doctor/patient interaction, we averaged the
patient’s scores on the emotional support, patient education,
attention to patient preferences, and courtesy scales. We also
used the single-item overall quality score as a separate measure of patient satisfaction. The single-item measure has the
advantage of allowing patients to implicitly weight various
aspects of their experience according to their own evaluation
of its importance when coming to an overall judgment of the
quality of care they received.28,29 Of the 90,795 SHEP respondents with an outpatient clinic stop code, 6802 had
provider IDs that could not be matched to a primary care
team. The final dataset consisted of 83,993 patients of 4786
providers within 1318 teams at 129 medical centers. Patient
satisfaction scores were available for an average of 17.1
patients per provider.
There is literature suggesting that age and health status
are the demographic factors with the greatest and most
consistent influence on patient satisfaction scores.30,31 Thus,
we used veterans age in years, gender, and functional status
as measured by the physical composite scale and mental
composite scale scores from the SF-12 as individual-level
risk-adjustors.32 Adjusted models for the technical quality
measures included patient age and gender.

Statistical Analysis
We used hierarchical linear models to account for the
clustering of patients within providers, providers nested
within teams, and teams nested within medical centers.
Empty models with random intercepts and no explanatory
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variables were used to partition the variability for each
technical quality and patient satisfaction measure by level (ie,
provider, team, and medical center). The estimates from the
variance-covariance matrix were used to calculate the intraclass correlation for each level in the hierarchy, which indicates the amount of variance in the dependant variable that is
attributable to each level in the model.33 We calculated the
fraction of explained variance (excluding the patient level and
random variation) in technical quality and patient satisfaction
attributable to providers, teams, and medical centers. To test
the robustness of these findings, the proportions of attributable variance were recomputed after eliminating all providers
with ⬍3 patients in the database. The multilevel analyses
were performed using the PROC MIXED procedure in SAS
Version 9.1 (SAS Institute Inc., Cary, NC).
Although PROC MIXED assumes a normal distribution for the dependent variable, Bayesian models allow for
more flexibility in specifying the underlying distribution of
the data. To check the robustness of the findings obtained
using hierarchical linear models in SAS, we also ran Bayesian hierarchical models using WinBUGS (see Appendix,
Supplemental Digital Content 1, online only available at:
http://links.lww.com/MLR/A84 ).34 In addition, models from
PROC MIXED provide the residual variation for each model,
which includes both patient level and random variation. The
WinBUGs models estimate patient-level variation directly. We
used estimates of patient-level variation from WinBUGS to divide
the PROC MIXED residual variation into a patient level and a
random component (see Appendix Supplemental Digital Content 1,
online only available at: http://links.lww.com/MLR/A84 ). We also
used WinBUGs to estimate our confidence in results when
undertaking pairwise comparisons of variances at different levels in the hierarchy.

RESULTS
The technical quality scores were generally high but
varied by disease category with the lowest rate for AMI at
76% and the highest for hypertension at 87%. Patient
satisfaction was also quite high in this study population.
The mean overall satisfaction score was 4.2 on a 5-point
Likert scale. Descriptively, scores on the doctor/patient
interaction composite index were slightly higher than those
© 2010 Lippincott Williams & Wilkins
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TABLE 3. Summary Statistics for Technical Quality and Patient Satisfaction Measures by Level of Care
Patient

Technical quality measures*
Diabetes
Hypertension
Cancer
Immunizations
Acute myocardial infarction
Satisfaction measures
Single-item overall quality†
Delivery system index‡
Doctor/patient interaction index‡

Provider

Team

Medical Center

N

Mean

SD

p25th

p75th

p25th

p75th

p25th

p75th

9698
21583
26249
25489
6089

0.86
0.87
0.80
0.84
0.76

0.23
0.27
0.39
0.34
0.38

0.78
0.79
0.67
0.75
0.50

1.00
1.00
1.00
1.00
1.00

0.79
0.81
0.73
0.78
0.62

0.93
0.95
0.92
0.94
1.00

0.83
0.85
0.78
0.80
0.71

0.89
0.90
0.85
0.86
0.80

77117
82872
83150

4.19
82.64
85.92

0.87
20.03
19.58

4.00
76.17
79.84

4.44
89.28
92.64

4.00
77.83
81.28

4.32
86.83
89.53

4.08
79.29
82.87

4.25
84.97
87.75

*Disease-specific ratios (0.0 –1.0).
†
5-point Likert scale; higher scores indicate a more favorable assessment.
‡
0 –100 point satisfaction scale; higher scores indicate a more favorable assessment.

TABLE 4. Technical Quality and Patient Satisfaction:
Percent of Explainable Variance Across Levels of the Delivery
System

Technical quality
measures
Diabetes
Hypertension
Cancer
Immunizations
Acute
myocardial
infarction
Satisfaction
measures
Single-item
overall
quality
Delivery
system
index
Doctor/patient
interaction
index

Percentage (%) of
System-Level Variance
Explained By

Percentage of Total
Variance Explained
at the System
Level*

Provider

Team

Medical
Center

3.6
4.7
4.2
3.4
4.9

61.1
71.9
46.5
55.3
50.0

21.4
16.6
24.3
33.0
41.9

17.5
11.4
29.2
11.7
8.1

4.6

34.3

34.4

31.3

7.2

40.6

27.7

31.7

8.6

59.9

19.4

20.7

*The column entitled “Percentage of Total Variance Explained at the System
Level” reflects the proportion of total variance, including patient level and random error,
explained by the provider, team, and medical center levels.

on the delivery system composite index (86% and 83%,
respectively) (Table 3).
Of the total variation in the technical quality data, at
most 4.9% was explained by the combination of provider,
team, and medical center levels, which together comprise the
system level. Table 4 reports the percentage of total variation
and of system-level variation accounted for at each level. In
all disease categories, the provider level explained the great© 2010 Lippincott Williams & Wilkins

est amount of system-level variation, ranging from 46.5%
(Cancer) to 71.9% (Hypertension). The team and medical
center levels each explained a moderate percentage (11%–
33%), with the exception of AMI, where 41.9% of variation
was explained at the team level and 8.1% at the medical
center level.
We found similar amounts of explained system-level
variance at the provider, team, and medical center levels for
the single-item measure of overall patient satisfaction (31%–
34%) (Table 4). The percent of variance explained at the
provider, team, and medical center levels was also fairly
uniform for the delivery system satisfaction index (28%–
41%). Regarding satisfaction with the doctor/patient interaction, however, the provider level explained 59.9% of the
system-level variation, more than double the amount of
variance explained at the team and medical center levels
(Table 4). Eliminating all providers with ⬍3 patients did not
affect the amount of variance explained at the provider, team,
or medical center levels for the technical quality or patient
satisfaction measures (data not shown).
Models adjusting for patient age and gender did not
affect the amount of variation accounted for among the
technical quality measures (results not shown). The inclusion
of age, gender, and SF-12 scores explained ⬃8% of the total
variation in satisfaction with the doctor/patient interaction
(data not shown). Patient-level covariates also explained
about 8% of the variation in the delivery system satisfaction
index. However, adjusting the patient satisfaction scores had
minimal impact on the variation at the system level.
For the technical quality and patient satisfaction measures, the residual estimate (composed of patient level and
random error) explained a large proportion of the total variance (⬎90% for all measures; Table 5). We used the results
from WinBUGS to estimate the percent of variance explained
at the patient level separate from random error (see Appendix, Supplemental Digital Content 1, online only available at:
http://links.lww.com/MLR/A84). For patient satisfaction, the
amount of variance explained at the patient level varied
widely by measure, with the lowest for the doctor/patient
interaction index (4.1%) and the highest for the single-item
www.lww-medicalcare.com |
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TABLE 5. Technical Quality and Patient Satisfaction:
Percent Variance Explained at the Patient Level

Technical quality measures
Diabetes
Hypertension
Cancer
Immunizations
Acute myocardial infarction
Satisfaction measures
Single-item overall quality
Delivery system index
Doctor/patient interaction
index

Estimated
Patient
Level (%)

Estimated
Random
Error (%)

Total
Residual
(%)*

23.6
30.0
28.4
25.9
64.3

72.8
65.3
67.4
70.8
30.9

96.4
95.3
95.8
96.6
95.1

78.6
52.2
4.1

16.8
40.7
87.3

95.4
92.8
91.4

*The column entitled “Total Residual” is the percent of total variance explained by
the residual, which is composed of patient-level and random variation. Estimated
patient-level variation is extrapolated from the WinBUGS results, as explained in the
Appendix.

measure of patient satisfaction (78.6%). For technical quality,
the patient level explained between 23.6% (Diabetes) and
64.3% (AMI) of the total variance (Table 5). As shown in
Appendix Table 4 (Supplemental Digital Content 1, online
only available at: http://links.lww.com/MLR/A84), for the
technical quality measures, we are certain that patient-level
variation is greater than system-level variation; more likely
than not, it is at least 50% greater.

DISCUSSION
We found a small amount of total variation explained at
the provider, team, and medical center levels for both technical quality and patient satisfaction. The provider level
explained the largest proportion of system-level variance
among all technical quality measures. Regarding patient satisfaction, the percent variance accounted for was relatively
small at the provider, team, and medical center level for both
the single-item measure and the delivery system index,
whereas for the doctor/patient interaction satisfaction index,
the provider level explained more than double the amount of
variance than the team and medical center.
Multilevel studies examining variation in technical
quality measures at the provider, team, and facility levels
have yielded mixed results.21 Reports of total variance attributable to the physician level ranged from 1%–2%6 to 10%4;
at the team level, estimates of 4% or less have been typical.3,4
In a study of adherence to diabetes care guidelines in one VA
regional healthcare system, Krein et al4 found that the percent
of total variation accounted for at the physician level varied
from a moderate amount (8%–10%) on some process measures (eg, obtaining laboratory tests) to a modest amount
(2%–7%) on measures of resource utilization (eg, cost of
hypoglycemic medications) to virtually none (⬍2%) on measures of intermediate outcomes (eg, percent of patients with
last HbA1c value ⱖ9.5%). At the team level, the percent of
variation accounted for across the same set of measures did
not exceed 3%; however, at the next higher level of aggre-
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gation, the percent of variation accounted for at the facility
level again varied from virtually none to what Krein et al
described as moderate amounts (8%–10%) and even higher
on some intermediate outcomes and resource use variables
(12%–18%). In another study that focused exclusively on
hemodialysis resource use, facility-level variation was substantially larger than physician-level variation, both before
and after case-mix adjustment.5 O’Connor et al35 found that
physicians and clinics accounted for a small amount of
variance in hemoglobin values among patients with diabetes;
over 95% of the variance was attributable to the patient level.
The results of this study are generally consistent with these
previous studies with regard to the percent of variance accounted for at the individual physician level.
However, our results differed from other recent multilevel studies with regard to the amount of variation
accounted for at levels of aggregation above the physician,
particularly at the facility level: our estimates were generally lower. One possible reason for this may be that
differences between facilities, and teams within facilities,
on these closely monitored technical quality measures have
decreased over time in response to previous QI interventions
at the team level and incentives at the medical center level.36
Another factor may be differences in the definition of team,
which could in turn affect the variance left over to be
accounted for at higher levels.
Although previous studies of variation in medical care
have generally focused on clinical processes and outcomes,
some have examined aspects of patient satisfaction. Again,
results have varied depending on the number of levels examined and the definition of variance accounted for (eg, whether
total variance or only explainable variance was used as the
denominator). However, in general physicians have been
found to account for a noteworthy amount of variation in
patient satisfaction when compared with other levels.37–39 In
this study, we also found that the provider level accounted for
the greatest amount of variation in patient satisfaction. This
finding was most pronounced with regard to the doctor/
patient interaction index, which included patient evaluations
of provider emotional support and courtesy. However, it was
also true that providers accounted for the largest proportion of
variance in the delivery system index, which one might
expect to be more strongly associated with the team and/or
medical center levels. This may reflect the subdivision of the
ambulatory care domains into the 2 summary indices. One
component of the delivery system index— coordination of
care—included questions that refer to the providers who have
cared for the patient during the past 2 months. Another
component—the continuity measure—also explicitly references the “…provider…in charge of your care.” Patients
responses to such questions may well be driven largely by
their experiences with their providers.
In contrast to the inconsistent results from previous
studies regarding the percent of variance in technical quality
and patient satisfaction accounted for at different levels of
aggregation, it is worth noting that the greatest proportion of
observed variation has been consistently observed at the
patient level.3–5,21,22,35,37–39 Similarly, in this study, the ma© 2010 Lippincott Williams & Wilkins
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jority of the variation in both technical quality and patient
satisfaction was due to the unmeasured patient factors or
chance. These results suggest that eliminating systematic
variation at the provider, team, and medical center levels
would have a relatively modest effect on variation in technical quality and patient satisfaction.
Providers were the primary source of system-level
variation in both quality and satisfaction, which offers support for assessing quality at the provider level. However, it is
important to note that it is not clear what level of the system
should be targeted to most effectively improve scores and
reduce variation. For example, Selby et al39 have shown that
facility-level QI efforts resulted in significant improvements
in outcomes, even though the facility level accounted for a
smaller proportion of variance than individual providers.
Improvement efforts aimed at levels higher than the provider
may also elicit changes in provider behavior.5,21 More longitudinal studies are needed to better understand the relative
impact of QI efforts targeted at different levels of the system.
Health plans and provider groups may also want to investigate the efficacy of directing incentives to patients to modify
their own behavior. We also interpret these results as supportive of the increased patient participation in medical care
decision-making and customization of clinical encounters
that are hallmarks of patient-centered care.40
This study has a number of strengths. We used a large,
national sample of patients and examined both technical
quality and patient satisfaction measures. Technical quality
measures were based on multiple indicators for both process
and outcome measures spanning multiple disease categories;
patient satisfaction measures included evaluations of both
features of the delivery system and of the doctor/patient
interaction. We conducted the analyses using 2 statistical
packages (SAS and WinBUGS) representing different analytic models (maximum likelihood and simulation, respectively) to confirm the results by comparison (see Appendix,
Supplemental Digital Content 1, online only available at:
http://links.lww.com/MLR/A84).
Several limitations to this study should also be noted.
The study was conducted within the VA, and thus, it is
possible that some of the results may not generalize to other
healthcare delivery contexts with a less uniform medical
informatics infrastructure or less evolved and integrated performance measurement system. However, the similarity of
our results to those in much of the literature suggests this is
not a major problem. Second, levels of performance on both
the technical quality measures and patient satisfaction were
relatively high and uniform, which restricted the amount of
variability in the data. However, although many of our
measures had a very high average, similar results in the
percent of variance explained were found across all measures,
even those with lower means (eg, AMI; mean ⫽ 0.76).
Finally, as noted, each provider had only a small number of
eligible patients for the measures. Hence, we could not
reliably profile providers. However, our purpose in this
article was not to profile but to analyze variances. We have
shown that in pairwise comparisons, we can determine
with a high level of confidence which level of the hierar© 2010 Lippincott Williams & Wilkins
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chy explains the most variance in technical quality and
patient satisfaction scores.
In summary, this study used multilevel modeling to
estimate the proportion of variation explained at the patient,
provider, team, and medical center level among technical
quality indicators and patient satisfaction measures in a national sample of VA patients. We found differences in the
levels of variation explained across disease-specific technical
quality measures and patient satisfaction indices, which may
suggest areas of focus for improving care. The results of this
study are applicable to policymakers and managers interested
in investing resources in QI and patient satisfaction.
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