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Measuring the quality of healthcare delivery is
an ongoing challenge for health plans.1

During the past decade, the methods to mea-
sure quality of care have advanced considerably,

from relying on professional judgment and monitor-
ing poor hospital outcomes, such as death or infec-
tion, to patient utilization review and profiling of
primary care physicians.1 Currently sophisticated
methods of measuring quality of care can provide
valuable information to clinicians and institutions
about improving the quality of medical care. A key
performance indicator for outcomes management
programs is to demonstrate an improvement in
health outcomes over time.2 The evaluation studies
are an important component for identifying and
planning quality improvement strategies.

It is essential that appropriate evaluation methods
are used because health plans, medical groups, and
patients are all affected by the decisions resulting
from these studies. In addition, measuring perfor-
mance can support quality improvement activities,
provide necessary information to evaluate health-
care programs, and measure the progress toward
public health goals.3 Evaluating process data (the
components of the encounter between a physician
or another healthcare professional and the patient,
eg, tests ordered, education, documentation) is con-
sidered an effective component of assessing quality
of medical care. The National Committee for Quality
Assurance (NCQA) has collaborated with managed
care organizations, academic researchers, consumer
representatives, and major corporate purchasers to
create a standardized performance measurement set
(the Health Plan Employer Data and Information Set

Background: Because inherent variability may exist in data
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Objective: To demonstrate the ability of our standardized
methods of data collection and analysis of results to determine
the extent of agreement between multiple reviewers; identify
areas for improvement in data collection procedures; and
improve data reliability.

Study Design: A prospective chart review with concurrent
IRR.

Methods: A subsample of patient records included in the
Highmark Blue Cross Blue Shield/Keystone Health Plan West
basic medical review for each HEDIS measure was selected for
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[HEDIS]) that is widely used to evaluate the quality
of care provided by health plans.4,5

Because these HEDIS-related results affect impor-
tant decision-making procedures, it is imperative
that the quality of data collection for performance
measurements meet high standards, including
prospectively defining the data elements, standard-
izing data collection tools and methods, and careful-
ly monitoring data quality, including assessing the
data reliability. In addition, because these measures
are often collected via chart review, careful consid-
eration must be given to potential biases resulting
from multiple reviewers. When classifying the infor-
mation from a chart review as “met criteria” or “did
not meet criteria,” some inherent bias may result
from rater subjectivity. Even the most well-designed
data collection tools are at risk of misclassification.
For example, a more experienced nurse may recog-
nize new immunization combinations, or have
greater knowledge of medications, or simply be
more experienced in reviewing and abstracting data
from the charts.

Statistical methods are available for assessing
agreement between individual raters. Cohen’s kappa6

is a popular method to measure interobserver (inter-
rater) agreement. It is commonly used to examine
interobserver agreement on diagnostic tests, but the
method can be applied to other settings. Kappa cor-
rects for chance agreement with raters and can be
applied to multiple raters. A weighted kappa can be
calculated for multiple categories used in situations
in which partial agreement is possible.7 We report
here a simple application of the basic kappa statistic
to evaluate the interrater agreement for chart audits
by 2 raters in a managed care setting.

As part of the continuous quality improvement
activities at Highmark Blue Cross Blue Shield/Key-
stone Health Plan West (Highmark/KHPW), we devel-
oped a standardized approach to interrater reliability
(IRR) methods for clinical studies, HEDIS effective-
ness of care measures, and onsite/medical record
reviews. The process was designed to refine data col-
lection activities and to yield a high precision level
for providing reliable estimates of compliance with
guidelines for internal quality improvement studies,
as well as external accrediting and regulatory stan-
dards. Three key processes were instituted to
achieve these goals. First, Highmark/KHPW institut-
ed electronic laptop medical record abstraction
tools with automatic electronic edits, compliancy
logic, and a blinded IRR record selection screen.
Second, we designed sampling and IRR policies that
incorporated the appropriate statistical methods.

Third, we used the results of the IRR to target areas
for improvement within the data collection proce-
dure and implemented procedures such as refining
the data collection tool or retraining reviewers to
obtain data that were more reliable.

We present our method of determining the extent
of agreement between multiple reviewers using the
kappa statistic with associated sample size calcula-
tions, identify areas for improving data collection
procedures, and describe the processes imple-
mented to improve data reliability. We present an
example of this process based on the NCQA com-
pliance standards relating to reliable data abstrac-
tion and effective and efficient data entry processes
for HEDIS reporting for the years 1997 through
2000 and subsequent sample size estimates for the
2001 evaluation.

METHODS

In 1997, we designed a blinded method for ran-
domly selecting charts to be included in the IRR
analysis and associated methods of evaluation using
the kappa statistic. The evaluation of IRR was per-
formed concurrently with the basic medical record
review. For each of the HEDIS measures, a random
subsample of records were evaluated by 2 nurses.
The same highly experienced, in-house HEDIS mea-
sure specialist (a nurse) served as the gold standard
each year. The sampling plan was specific to each
HEDIS measure so that a valid statistical inference
regarding IRR could be drawn independently to each
measure. No attempt was made to draw this statisti-
cal inference to the product type. The random sub-
sample was selected systematically (ie, records were
selected at fixed intervals) beginning with a random
start.

Selecting records systematically in each office
reduced bias and ensured the proportionality of the
subsample relative to the sampling frame. That is,
the product and office-specific subsample size was
proportional to the corresponding sample sizes.
Proportionality improves statistical precision of the
estimates and helps to ensure the representative-
ness of the subsample.

The kappa statistic was used to examine interob-
server agreement on the chart reviews. Mathemati-
cal details of the kappa calculations and an example
are shown in the Appendix.6–9 To calculate sample
size for a kappa statistic, a 95% confidence interval
was established around the estimated kappa to
ensure that the estimate of the agreement was rea-
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sonably close to the true agreement.8 A reasonable
confidence interval is generally assumed to be .1 or
.2 on either side of the estimate (with .1 being a
more precise estimate). The sample size formula
also requires pilot estimates of the observed propor-
tion of times when agreement between raters occurs
(p0), and the agreement that would be expected by
chance alone (pe). Results of the previous years’ IRR
evaluation were used as pilot estimates to calculate
future sample sizes and to identify measures that
showed room for improvement with respect to data
abstraction. If a measure had a low kappa result, the
data collection instrument and methods for that
measure were reevaluated to improve interrater
results for the following year. For example, the data
collection instrument was revised to include the
date of immunization instead of solely whether the
immunization was administered. This change
ensured that the correct date within the associated
time frame was identified and eliminated the possi-
bility of recording an immunization as administered
when it may have been administered during the
wrong time frame.

Shown in the Table is an example of how data
from the 2000 chart reviews were used to calculate
the IRR; results of these calculations were used to
estimate po and pe for the sample size estimates for
the 2001 IRR study. Because of the excellent inter-
observer agreement for many of the measurements
in 2000, the sample sizes could be significantly
reduced for certain 2001 measures. Generally, a
kappa of 0.75 to 1.00 indicates excellent interob-
server agreement.9 Using the highest level of preci-
sion is recommended; however, when that is
unfeasible due to sample size constraints, the study
personnel must sometimes choose a lower preci-
sion level.

In 2000 some important revisions were made to
the overall process. Specifically, Highmark/KHPW
incorporated a new computerized data retrieval
process using laptops for medical record review. This
method removed some of the subjectivity inherent
in manual chart reviews, thus yielding a high mea-
sure of association for most measures. The HEDIS
medical record review application used logic that
would not recognize a member as “compliant” if the
necessary data elements were not fulfilled. Only
when the necessary data criteria elements were pre-
sent would the element be calculated as “compli-
ant.” If KHPW identified through quality reviews that
essential data elements were missing, the practi-
tioner’s office would be contacted to obtain the
missing data.

All 10 medical record review nurses were licensed
RNs. The nurses had an average of 16 years of clini-
cal experience in addition to an average of 8 years of
medical record abstraction experience for medical
management activities. All on-site nurses were expe-
rienced in HEDIS data abstraction.

Formal training sessions were held for the nurses.
The first half of the nurses’ training sessions includ-
ed a review of the specifications and the second half
included breakout sessions during which the nurses
practiced abstracting HEDIS measures and entering
the data into the application. The nurses were also
educated on the IRR process that was designed to
include a “blinded” IRR electronic screen in the lap-
top application. Once a medical record review nurse
completed a record review and saved the data, an
IRR text box appeared and instructed the nurse to
obtain a hard copy of the member’s record. The
nurses then knew to copy the medical record for
review by the in-house HEDIS measure specialist
(gold standard). The HEDIS measure specialist
reviewed the medical record and the results were
compared with the on-site nurse’s record results
using a kappa statistic. This enhanced level of edu-
cation for the on-site nurses assisted in improving
the reliability of the data abstraction and the
review process.

RESULTS

Results for the 1997 IRR evaluation showed excel-
lent IRR for most measures; however, cervical
Papanicolaou test (Pap) results showed some areas for
rater improvement (κ = 0.50). Data collection meth-
ods for this service were reevaluated and enhanced
reviewer training was conducted. This training includ-
ed personalized training of specific issues (per review-
er) as necessary and focused attention on the issues
identified as problematic in the previous years’
reviews for this measure. As a result, the 1998 IRR
showed perfect interrater agreement for the Pap (κ =
1.0). Well-child visits for 3- to 6-year-olds showed
some discrepancies in rater agreement (κ = 0.37), and
this measure was targeted for similar improvements
for the 1999 update. The 1999 IRR study showed per-
fect agreement between raters for well-child visits for
3- to 6-year-olds. All other measures showed “excel-
lent” agreement with the exception of the 2 new
measures, comprehensive diabetes and high blood
pressure, which showed “good” interrater agreement
(κ = 0.73 for both); however, there still remained
some room for improvement.
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Overall, the kappa statistic reflected excellent
IRR across measures for the 2000 study. Of the 21
measures, 17 had a kappa of 1.0, indicating perfect
agreement between raters. The IRR of only 1 mea-
sure (well-child 15-month check-up) was identified
as needing improvement. Thus, the data collection
tool for that measure was revised and retested and
reviewer education and training was enhanced to
ensure future reliability. Based on the excellent

results of the 2000 IRR, the sample sizes for the
2001 IRR were greatly reduced for existing measures
to achieve the highest precision level.

DISCUSSION AND CONCLUSIONS

Outcomes research in the managed care setting
has evolved into an area of critical assessment and
accountability10,11 as healthcare providers, patients,
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Table. 2000 Interrater Results Used to Estimate Sample Sizes for 2001 Evaluation*

Observed Expected
Proportion Proportion Sample Size for Precision Levels
Agreement Agreement

Measure (po ) (pe ) κ 0.10 0.15 0.20

Childhood immunization
Commercial 1.00 0.55 1.00 19 8 5
CHIP 1.00 0.79 1.00 85 38 21

Adolescent immunization 
Commercial 1.00 0.58 1.00 22 10 5
CHIP 0.98 0.51 0.97 27 12 7  

Breast cancer screening
Commercial 1.00 1.00 1.00 15 7 4
Medicare 1.00 1.00 1.00 15 7 4

Cervical cancer screening 1.00  0.74 1.00 56 25 14  

β blocker        
Commercial 1.00  0.72 1.00 49 22 17  
Medicare 1.00  1.00 1.00 47 21 12  

Cholesterol management        
Commercial 1.00 1.00 1.00 47 21 12  
Medicare 1.00 0.68 1.00 37 17 9  

High blood pressure        
Commercial 0.93 0.53 0.86 110 49 27  
Medicare 1.00 0.71 1.00 44 20 11  

Comprehensive diabetes        
Commercial 0.97 0.54 0.93 60 27 15  
Medicare 1.00 0.53 1.00 17 8 4  

Follow-up mental illness        
Commercial 1.00 0.72 1.00 49 22 12
Medicare 1.00 0.53 1.00 97 43 24

Prenatal and postpartum care 1.00 0.86 1.00 138 61 35  

Well-child visits 1st 15 months 0.74 0.49 0.48 291 129 73  

Well-child visits 3–6 years 1.00 0.57 1.00 21 9 5  

Well-child visits adolescents 1.00 0.76 1.00 63 28 16

*For measures with perfect agreement (eg, breast cancer screening), we substituted po = .99 for 1.00 in the equation to obtain a sample
size estimate.
CHIP indicates comprehensive health insurance plan.



insurers, government agencies, and employers
attempt to determine whether specific interventions
improve the health of their patients.12 Reliable, valid,
and easy-to-use outcome measures, economical and
user-friendly technology to collect data (ie, scan-
ners, laptop computers, appropriate software), sta-
tistically designed patient samples, multiple data
collection points, clinical reports, and other decision
support tools designed to foster improvement in
clinical outcome and allocation of treatment
resources are needed to effectively evaluate an out-
comes management system.2 Because outcomes
research is dependent on the quality of data collect-
ed, proving the reliability of data is essential. Poor
rater agreement is often reported in quality-of-life
and patient satisfaction studies. For example, when
the results of total hip replacement were evaluated
using the usual criteria, as interpreted by a surgeon,
the success rate was 86%; however, an independent
health researcher surveyed the patients and only
55% had their expectations fulfilled.13

Interrater reliability studies are widely used in
epidemiology and for other medical research, espe-
cially for analyzing hospitalization utilization
data.14–21 The studies generally report a kappa statis-
tic, weighted kappa, or extension of the kappa to
measure agreement. Strumwasser et al16 used IRR
methodology to assess the reliability of utilization
review instruments used to determine whether inpa-
tient care is required. Based on results from the reli-
ability study they determined that one of the
instruments should not be used. Their conclusion
was that payment should not be denied based on the
instruments alone, but should be denied only if a
physician verifies the results of the instruments.
Another study by Kemper et al17 evaluated the inter-
observer reliability of 6 parameters commonly used
to assess respiratory distress in children. Using a
weighted kappa, 2 of the 6 measures were rated as
having good reproducibility and one was rated as
marginal. The authors concluded that improvements
were necessary to provide more consistent manage-
ment of upper respiratory management in critically
ill children. The literature consistently reports the
usefulness of IRR studies to identify areas for
improvement in research studies.

Because HEDIS reporting is a critical component
of outcome evaluations in the managed care setting,
we applied the IRR methodology into our HEDIS
data collection methodology. The original IRR study
was conducted in 1997. Thus, critical areas for
improvement have been identified and targeted over
the past few years. The excellent current IRR is due

in part to stringent training of medical record
reviewers and using the same core set of nurse
reviewers each year. Therefore, the reviewers for the
current study were well trained and experienced.
In addition, ambiguity in the tools has been identi-
fied and the tools have been appropriately revised.
Using laptops with built-in edit checks and compli-
ancy logic to routinely collect data standardized
the process of data collection and removed some
variability in the data. The blinded IRR record
selection built into the computerized system further
enhanced the validity of the analyses and promoted
data collection efficiency in the field.

Successfully blinding the reviewers to the selec-
tion of records to be included in the IRR study is
challenging. Using laptops with a computerized ran-
domization sampling scheme ensures that the nurs-
es do not have prior knowledge of the records to be
included in the review. In addition, once a record is
saved, reviewers cannot go back and make changes
when they discover the record will be used for the
IRR review. This process may motivate the review-
ers to be even more conscientious with their review.

Designing an IRR study using appropriate statisti-
cal sample size techniques and analysis methods is
an efficient way to ensure the reliability of data col-
lected through chart review. High measures of agree-
ment can provide confidence in the data collection
and subsequent conclusions drawn from those data.
Poor measures of agreement offer the opportunity to
reevaluate and improve data collection methods.
Because the HEDIS measures are evaluated annual-
ly, the opportunity exists to improve the data collec-
tion and HEDIS measures based on the strengths or
areas for improvement identified through the IRR
evaluation.
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Once the sample of records has been evaluated (regarding whether or not the record met the HEDIS criteria) by both nurses (A and B) the
following table is completed for each measure (Cells a and d represent agreement between nurses; cells b and c represent disagreement
between nurses.)

From these cell frequencies, the following values are computed:

p0 = observed proportion of agreement = (a + d)/n

pe = expected proportion of agreement = {([a + c][a + b])/n2} + {([b + d][c + d])/n2}

κ = (p0 − pe)/(1 − pe)

κ is called a Kappa statistic and is a chance-corrected measure of agreement between raters. In words, κ is the ratio of the observed
agreement beyond chance (p0 - pe) to the maximum possible agreement beyond chance (1 - pe). When there is perfect agreement (b = c =
0), κ = 1.0. If the observed agreement is greater than or equal to the expected agreement, κ ≥ 0, and if the observed agreement is less than
or equal to the expected, κ ≤ 0. The minimum κ is −1.0 if pe = .5, otherwise the minimum is between −1.0 and 0.

In general, the following guidelines can be used to evaluate κ (Landis and Koch9):

As an example, in a study of 100 records with a = 26, b = 14, c = 16, and d = 44,

p0 = (26 + 44)/100 = 0.70

pe = (40 × 42)/1002 + (58 × 60)/1002 = 0.516

κ = (0.70 − 0.516)/(1 − 0.516) = 0.375 (marginal reproducibility)

There is also an expression for the variance of κ that can be used to construct confidence intervals around the estimates. κ is an objective,
well-known measure that is useful for quantifying the level of interrater reliability.

Once initial κ estimates are obtained from a study, these can be used to develop sample size estimates for the future studies.

Sample Size Calculations

N = required sample size

Zα = 1.96

δ = 1/2 the width of the confidence interval (generally 0.1 or 0.2)

Then:
N = Zα

2p0(1 − p0 )/δ2(1 - pe)2

To illustrate using the above example:

a) For the highest precision level:
N = (1.96)2(0.70)(1 − 0.70)/(0.1)2(1 − 0.516)2 = 344

b) When a lower precision level is acceptable (or the higher level unfeasible):
N = (1.96)2(0.70)(1 − 0.70)/(0.2)2(1 − 0.516)2 = 153

Appendix: Evaluation of Interrater Reliability (IRR) using the Kappa Statistic

Nurse B   

Met Not Met Total

Met a b a + b   
Nurse A Not Met c d c + d   

Total a + c b + d n 

κ Strength of Agreement

>0.75 Excellent reproducibility 
0.4−0.75 Good reproducibility  
<0.4 Marginal reproducibility  


