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Good Measurement for Good
Improvement Work

Eugene C. Nelson, DSc, MPH; Mark E. Splaine, MD, MS;
Stephen K. Plume, MD; Paul Batalden, MD

Purpose: To provide guidance on using
measurement to support the conduct of local quality
Improvement projects that will strengthen the
evaluation of results and increase their potential for
publication. Target Group: Individuals leading
quality improvement efforts who wish to enhance
their use of measurement. Procedures to Promote
Good Measurement: Eleven procedures are offered
to promote intelligent measurement in quality
improvement research that may become
publishable:
1. Start with an important topic
2. Develop a clear aim statement
3. Turn the aim statement into key questions
4. Develop a theory about causes and effects,
process changes and predictable sources of
variation
5. Construct a research design and
accompanying dummy data displays to
answer your primary research questions
6. Develop and use operational definitions for
each variable needed to make your dummy
data displays
7. Design a data collection plan to gather
information on each variable that will
enable you to generate reliable, valid, and
sensitive measures related to each research
question
8. Pilot test the data collection plan, construct
preliminary data displays, and revise your
methods based on what you learn
9. Stay close to the data collection process
as the data plan goes from idea to
execution
10. Perform data analysis and display results in a
way that answers your key questions

11. Review and document the strengths and
limitations of your measurement work and
use this knowledge to guide intelligent
interpretation of the observed results.

Key words: measurement and continuous improvement,
outcomes measurement, performance measurement,
quality improvement, quality improvement research,
research design and improvement

his article is written primarily for people

who are leading quality improvement ef-

forts and who not only wish to know if

the actions taken result in substantial, mea-
sured improvement, but also wish to do so with suf-
ficient rigor to publish the results of their work. It
is possible, under many conditions, to transform lo-
cal quality improvement “projects” into a publish-
able quality improvement project by paying close
attention to the fundamentals—the study question,
the research design, the measurement and analysis
of results, and sources of bias and limitations. The
purpose of this article is to provide guidance on us-
ing measurement, and related research design princi-
ples, to support the conduct of local clinical quality
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improvement projects in ways that will strengthen
the work and, if desired, increase the potential for
publication in the health care literature.

The article is divided into 2 sections. The first
presents 11 procedures to promote sound measure-
ment to support improvement work and the second
provides answers to frequently asked questions about
measurement and related design issues.

PROCEDURES TO PROMOTE GOOD
MEASUREMENT IN QUALITY
IMPROVEMENT PROJECTS

In this section we discuss 11 procedures to pro-
mote intelligent measurement in quality improve-
ment projects. The main focus of this article is on
measurement to enhance local quality improvement
endeavors. However, the measures, to be useful, must
be embedded in a project that is worth doing and that
makes use of a research design that stands muster.
Furthermore, the measures need to be used in an anal-
ysis plan that fits the conditions and answers the crit-
ical questions. It is wise, therefore, to deal with the
issue of measurement—and the context in which it is
used—rather than to focus only on measurement as a
stand-alone topic. For the purpose of illustration, the
section below makes extensive use of an illustrative
clinical improvement topic—the care of end stage re-
nal disease patients who are on hemodialysis.

Start with a topic that is clinically important

Some examples:

¢ The process of care for renal dialysis patients and
its impact on outcomes

¢ The provision of evidence-based care to children
in the first 3 years of life

e The care of frail homebound elderly

e The treatment of cardiovascular disease

e The treatment of low birth weight infants

e The prevention of the cigarette smoking in ado-
lescents

¢ The safe delivery of healthy infants

¢ The identification and treatment of depression
in young adults

Good improvement work and measurement thereof
should be used to address important topics—things
that care beneficiaries (especially patients, pur-
chasers, employers, and community) truly value. If
the focus of the improvement project is on issues
that are vital to customers, it is more likely to attract
the interest, support, and resources needed to see the
project through. Improvement resources are perpet-
ually limited. Because there is competition for time,
and energy and staff and so forth, it is prudent to in-
vest improvement resources on important outcomes
that people value highly.

Begin the improvement work by selecting pro-
cesses that produce important outcomes and where
there is substantial opportunity for improvement. By
“important outcomes” we mean key results: health
outcomes, patient perceptions of goodness, costs in-
curred, and errors that result in harm. By “substan-
tial opportunity” we mean a wide gap between the
level of current performance achieved and the best
possible performance that could be achieved with a
redesigned process.

There is no shortage of ways to find “leads” on po-
tentially important topics to target for improvement.
They can be found by

¢ asking your patients, family members of your pa-

tients, your referral sources, your staff, and the
employers of your patients

¢ reviewing data on current performance with re-

spect to quality, satisfaction, costs, and safety
and taking advantage of comparative data

¢ looking to professional organizations, regulatory

agencies, and accrediting organizations to famil-
iarize yourself with what they believe needs bet-
terment

e analyzing the epidemiologic profile—sources

of mortality, morbidity, and impaired
functioning—of the patients/community that
you serve and setting priorities based on the
potential for reducing the burden of illness and
injury

Develop a clear aim statement to align measures

with achievement of aim

Aim statement example: We aim to improve the
process of dialyzing patients with end stage renal
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disease (ESRD) at Greenview Medical Center. The
process begins with the decision to commence
treatment on appropriately selected patients and the
process ends when dialysis for ESRD is terminated.
By working on this process we hope to improve mor-
tality, morbidity, functional status, patient satisfac-
tion with services, and to reduce the total costs of
providing care for this subpopulation of patients. It
is important to work on this now because compar-
ative data reveals that the case mix adjusted mor-
tality is greater than expected, because the costs of
care exceed revenues and because staff morale is
low.

After identifying an important topic, it is time to
develop a finely crafted statement of your improve-
ment aim. A good aim statement will do 3 things:
(a) attract interest, (b) provide clear direction by
specifying the process and the geographic locus of
work, and (c) suggest yardsticks by which to measure
success.

One way to construct an aim statement is to use
a particular structure that covers several relevant
points. The anatomy of a “structured” aim statement
looks like this:

e We aim to improve (insert the name of the pro-

cess)

e The process begins with (insert the starting point

of the process)

e The process ends with (insert the end point of

the process)

¢ By working on this process we hope to (list the

potential gains that can be made with respect to
health outcomes, satisfaction, costs, safety, staff
morale, etc)

e It is important to work on this now because (list

the reasons why improvement is imperative)

It often takes some time to craft an aim statement
that is succinct, well focused, provides direction, and
suggests a basis for judging success. The aim state-
ment, when written with sufficient precision, will
suggest what variables must be measured to evalu-
ate success. As an example, the ESRD aim statement
cited above calls explicitly for the measurement of
certain variables in a sample of renal dialysis pa-
tients: clinical outcomes (mortality and morbidity),
functional status outcomes, patient satisfaction with

renal dialysis services, and costs of medical care for
renal dialysis patients (renal costs and total costs).
The aim statement also suggests that it will be neces-
sary to analyze the outcomes taking case mix vari-
ation into account (eg, through adjustment and/or
through stratification).

It is helpful to test the merit of your aim statement
by imagining that you will be presenting your aim
statement to diverse groups—eg, medical staff, senior
leadership, your colleagues, the board of trustees, the
local rotary club, local employers and purchasers, ed-
itors of a professional journal—to determine if they
would find your aim important, measurable, and
worth pursuing.

Turn the aim statement into key questions (that
people care about)

At this point the issue of measurement moves out
of the background and into the foreground. Mea-
surements in improvement projects are generally in-
tended to answer critical questions regarding the im-
pact of a planned intervention or test of change. The
ESRD aim statement leads to some key questions that
can be answered using planned tests of change. For
example:

e Is the ESRD improvement process associated
with a decrease in morbidity and mortality
among the subpopulation of patients exposed to
the intervention after controlling for case mix
differences?

e Is the ESRD improvement process associated
with an increase in functional health among
the subpopulation of patients exposed to the in-
tervention after controlling for case mix differ-
ences?

e Is the ESRD improvement process associated
with an increase in patient satisfaction with dial-
ysis services among the subpopulation of pa-
tients exposed to the intervention after control-
ling for case mix differences?

e Is the ESRD improvement process associated
with a decrease in the total direct medical costs
among the subpopulation of patients exposed to
the intervention after controlling for case mix
differences?
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Develop a theory about causes and effects and
process changes and predictable sources
of variation

Improvement work invites scientific thinking and
the use of the PDSA (plan-do-study-act) model to test
changes in processes. The use of the scientific method
is based on making and testing theories and replicat-
ing or sustaining results. Quantitative research meth-
ods offer a rigorous and repeatable process for learn-
ing about causes and effects and making predictions
that can be tested once and replicated once again in
the same location and in different locations. Conse-
quently, the next step is to build a theory about causes
and effects.

If we study the aim statement and the related re-
search questions we can start to construct a basic the-
oretical framework about causes and effects. A good
way to develop your theory is to construct a causal
model or system diagram. The general structure of
the potentially testable idea—or the theory—can be
illustrated using an arrow diagram or a causal system
diagram. A framework for viewing changes in clinical
care processes may look like this:

Patients with initial case mix characteristics —
Care delivery processes — Outcomes of care

This clinical causal model suggests that patients
with a set of relevant case mix characteristics at
baseline, enter into a longitudinal care delivery
process with multiple elements, and this produces
variation in outcomes of care at a later point in
time.

Using the ESRD patients as an example, we might
construct a theory to indicate how patients with cer-
tain demographic and clinical characteristics at the
time of initial treatment will receive a certain care de-
livery process with prescribed critical elements that
will be associated with variation in a selected set of
outcomes.

“Clinical value compass” thinking can often be
used to build causal models to clarify clinical im-
provement work and provide a basis for selecting
measures related to case mix, processes, and out-
comes of care.’

FUNCTION AND RISK

¢ Physical

* Mental

o Vitality

® Social

* Risk Status

BIOLOGICAL SATISFACTION
¢ Mortality o Perceived Health
o Complications Benefit

¢ Urea Reduction ® Service Satisfaction
Ratio
*BP

o Cholesterol

COSTS

e Dialysis Charges
e Inpatient Days
¢ E.D. Visits

Figure 1. Value compass for end stage renal disease (ESRD)
patients.

Figure 1 illustrates a clinical value compass for
ESRD patients. It suggests that patients with certain
baseline characteristics (such as age, gender, sever-
ity, and comorbidity) will have better outcomes (mor-
tality, morbidity, functional status, satisfaction, and
medical care costs) if their treatment process is stan-
dardized in two critical ways:

e the achievement of a specified level of dialysis
for each treatment as measured by the urea re-
duction ratio levels achieved at the end of each
dialysis session, and

o establishing a standard method to ensure that
each patient’s treatment plan includes explicit
matching of the patient’s major medical prob-
lems (such as hypertension, hyperlipidemia, dia-
betes, heart failure, etc) with a specific treatment
plan that the patient complies with.

Development of a general theory about the process
of dialysis can now be turned into a research question
or hypothesis. A working hypothesis can be stated
like this:

Dialysis patients who are treated with a protocol that
ensures specified levels of urea reduction ratio for
each dialysis session and specific treatment of each
major clinical condition will have better functional
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status and survival rates than patients who are not
treated with a protocol that ensures specified levels
of urea reduction ratio and tailored treatment of co-
morbid problems

The act of writing down a hypothesis or research
question is important because it invites one to look
at the statement analytically. Using value compass
thinking, we can see immediately that the hypothe-
sis does not reference 2 potentially important classes
of results—patient satisfaction with care and costs of
care. Additional hypotheses could be formed to ad-
dress these issues.

Construct a research design—and accompanying
dummy data displays—that will answer your
primary research questions, and consult

with a statistician

Good measurement in a poor study design makes
interpretation of results difficult. Consequently, it is
always smart to use the most powerful research de-
sign that can be used under local conditions.

Outside of health care, quality improvement efforts
frequently make use of advanced research designs
to accelerate learning.? Unfortunately, the use of ex-
perimental designs in quality improvement projects
performed in health care settings is relatively rare,
although there are several important exceptions to
this general statement.?>~® Please refer to the article
by Speroff in this series for a full discussion of this
topic.5

To illustrate, we will focus on a quality improve-
ment project designed to improve the outcomes and
reduce the costs of care for dialysis patients. A spe-
cific test of change is ready to be conducted. The
test of change is to use a protocol for dialysis that
establishes target values of urea reduction ratio for
each dialysis session for each patient. The hypoth-
esis is that—other things being constant—the use of
the protocol will be associated with better levels of
urea reduction ratio and that, over time, this will pro-
duce lower rates of mortality and improved physical
function.

We are now at challenging stage of the improve-
ment project. How can the study question be em-

bedded in a research design to test the protocol
based on accurate, relevant measures? The challenge
is to get the best feasible research design and the
best feasible measures given the constraint that the
work has to be done in one’s own “real world” and
with dispatch. The suggestion is to start by think-
ing about the strongest research design and best mea-
sures and then to “give ground” until the best fea-
sible design and metrics are arrived at. This helps
one to know the limitations inherent in the adopted
methods.

As a tactical way to move forward, we first deal
with the research design issue and then move to
dummy data displays.

e Research design thinking: First, we consider a
randomized controlled trial (RCT) approach but
there is too much local resistance and logisti-
cal complexity. Second, we consider a time se-
ries design and begin to give thought to how
this might be done in our setting. We could
use a prospective cohort design where one set
of 40 consecutive new—to-dialysis patients re-
ceive “customary” care (we call this group the
preprotocol cohort) and a second set of 40 con-
secutive new-to-dialysis patients receives “pro-
tocol” care (we call this group the protocol co-
hort). Historical trends show that the dialysis
center takes in 5 new patients per month on av-
erage; consequently, the first cohort would take 8
months to induct and the second cohort another
8 months. This is not the strongest design but
it does provide substantial control and affords
the team the time to phase in the “new way”
and to establish the data collection procedures
sequentially—first the measurement of urea re-
duction ratio, second the measurement of func-
tional status at 2 months postonset of dialysis,
and third, the assessment of survival rates over
time.

e Dummy data displays: With a specific design
calling for a specific number of patients in
mind, we now proceed to construct the vital
few dummy data displays. Dummy data dis-
plays are fictional displays of key results. Make
them by acting as if the test of change has been
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Figure 2. X-bar and R chart of data for average urea reduction ratio for dialysis patients. Each data point represents the mean
of 4 dialysis treatments. Values for 40 consecutive preprotocol patients (1-40) are represented by an “O” symbol. Values for 40
consecutive protocol patients (41-80) are represented by an “X” symbol.

completed and that the project’s hypothesis is
confirmed or rejected. Figure 2 shows a dummy
data display for urea reduction ratio, Figure 3
provides a dummy data display for physical
function score at 2 months post onset of dialysis,
and Figure 4 shows a survival curve that tracks
longevity in each cohort. It is useful to set up
dummy data displays by posing a critical ques-
tion and then making a data display to answer
it.

60 T

Physical Function Score

The fictional results shown in Figure 2 are designed
to suggest that the use of the protocol does achieve
superior levels of urea reduction ratio. The fictional
results in Figure 3 show that the physical function
scores are higher for protocol patients than for pre-
protocol patients. The fictional results in Figure 4
suggest that survival is greater for protocol patients
at 24 months.

Once again, the act of committing ideas to paper,
in this case creating dummy data displays, invites

Protocol
Initiated

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79

Patient

Figure 3. XmR control chart of data for physical function score from SF-36. Data on left represents 40 consecutive pre-protocol
patients (1-40) at 2 months postonset of dialysis indicated by “O” symbol. Data on the right represents 40 consecutive protocol
patients (41-80) at 2 months postonset of protocol indicated by “X” symbol.
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Figure 4. Survival rate of protocol patients. This display shows the number of patients out of 40 that have survived over a 24 month
period post the onset of dialysis. The number of preprotocol patients surviving are denoted by the symbol “0” whereas the number

of protocol patients surviving are denoted by the symbol “X”.

reflection and critical analysis. We can view these fic-
tional results as if they are real results and ask what
else would we want to know about these findings?
We can ask what are the sources of variation in these
results that we may wish to explore, to document and
to understand. In this case we immediately recognize
that the individual patient’s demographic and clini-
cal characteristics and disease severity are likely to
produce variation in these outcomes. Consequently,
we wish to make plans to display the results in some
different ways. First, we can display the results as ac-
tual or observed (ie, unadjusted) findings, and second
as adjusted findings based on the use of multivariate
analysis to control for the effects of selected variables
such as age, gender, comorbidity, and disease sever-
ity. Second, we could display results based on strat-
ification methods that could show the findings sep-
arately for 2 different subcategories of patients (ie,
patients with lower case mix acuity vs patients with
higher case mix acuity).

At this point it is prudent, if possible, to begin
working with a statistician. A trained statistician can
provide guidance on both research design issues as
well as on sample size considerations and on ana-
lytical methods. It is best to find a statistician who
is knowledgeable about conventional biostatistics as
well as with statistical process control methods so as
to take advantage of both methods of data analysis.
If a statistical consultant is not available in your or-
ganization, you may be able to get assistance in your

community at a college or university or by using ref-
erence materials.”1°

Develop and use operational definitions for each
variable needed to make your dummy data displays

Having constructed a local theory, formulated a
working hypothesis, specified a particular research
design, and created dummy data displays, we are now
ready to construct definitions for each variable that
will be used in the improvement project. It is helpful
to think about definitions of study variables at two
levels of precision—conceptual definitions and op-
erational definitions.

A conceptual definition offers a concise statement
describing the variable that you wish to measure. It
tells others what is meant by the name of the vari-
able. An operational definition, on the other hand,
provides a more detailed explanation of not just what
the variable is but how observations will be classified
to yield accurate and reproducible values.

Examples of conceptual and operational defini-
tions for each of the 3 variables stated in our working
hypothesis are listed below:

e Urea reduction ratio: Urea reduction ratio is an
indication of the adequacy of dialysis. The urea
reduction ratio is calculated with the formula
100 x (1—[C;/Cp]), in which C; is the blood urea
nitrogen measured 5 minutes after the end of
dialysis and C, is the predialysis blood urea ni-
trogen. It will be measured during each dialysis
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session by the dialysis nurse who records the
value.'1-12

e Physical function: Physical function reflects the

individual’s capacity to perform physical activ-
ities that are a normal part of daily life. It will
be measured based on the SF-36 physical func-
tion component score subscale. The SF-36 will
be administered to dialysis patients after 8 weeks
of therapy and will be scored using the protocol
specified in the SF-36 procedures manual.'315

e Survival: Survival status indicates whether the

dialysis patient is alive or dead at selected in-
tervals after the onset of dialysis therapy. It will
be recorded every 2 months by the dialysis ser-
vice director based on continued participation
in treatment; patients who cease treatment will
be tracked to determine their status (eg, moved
from area, transplant, other).

It is critically important to establish clear opera-
tional definitions and to use them. The “signals” that
are emitted from each observation on each variable
and that are subsequently aggregated into summary
values for variables literally provide the evidence on
which decisions are made about the confirmation or
rejection of the hypothesis. Interpretation of results
can be no better than the coding of the values that
produce the results.

Design a data collection plan to gather information
on each variable that will enable you to generate
sufficiently reliable, valid, and sensitive measures
related to each key question

The data collection plan provides the blueprints
to guide the construction of the measurement system
that supports the improvement enterprise. The data
collection plan indicates who will gather what data
under what conditions at what points in time with
what tools and training. The data collection plan is
constructed to minimize bias and to maximize accu-
rate measurement. The data collection plan includes
the specification of the tools and techniques for gath-
ering data. The data collection plan indicates how
the sampling plan should be carried out in concrete,
operational terms. The data collection plan should
take into consideration what steps should be taken to

validate the accuracy and completeness of data col-
lection procedures.

Pilot test the data collection plan and construct
preliminary data displays then revise your
methods based on what you learn

The data collection plan should always include a
small-scale pretest to check and refine the methods
of data collection under actual operating conditions.
First, gather data on 10 to 15 observations, events or
people; this will usually be sufficient to determine
whether or not the data collection plan will work
as intended. The results of the pilot test will show
whether or not data for each variable are missing or
complete and whether or not people who need to
be involved in gathering data are able to perform ac-
cording to plan. Second, analyze this small data set.
For example use the results from 10 events of inter-
est, to check how the data for each variable are dis-
tributed (normal, skewed, bimodal, etc), and to fill in
the dummy data displays with real data. This step is
important because it enables you to determine pre-
cisely how each variable should be handled to create
the data displays that will answer your key questions.
For example, you will be able to determine cut points
that should be used for variables, how to handle miss-
ing observations, whether or not coding conventions
are working well or need further refinement, and so
forth. This is an exciting phase of the measurement
process because it is the first time that the abstract
plan becomes transformed into tangible results.

Stay close to the data collection process as the data
plan goes from idea to execution

When one is conducting a laboratory experiment,
it is common practice to maintain a laboratory note-
book to record observations as the work unfolds. So
too in quality improvement it is good operating pro-
cedure to stay close to the intervention and the ac-
companying data collection process and to make note
of what you learn. While “in the field” with a test of
change it is helpful to take these actions:

e Observe the change to determine if the interven-

tion is proceeding according to plan or deviating
in certain specific ways
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e Talk with the people involved in the change to
learn of their impressions about what is working
well, what is not working well, and ways that the
process could be improved

¢ (larify the intention of the work, and the meth-
ods for conducting the intervention as needed

e Study the process of recording the data to de-
termine if observations are being recorded in a
timely and accurate manner

¢ Continue to devise new ways to design a “new
new” test of change and to improve the process
of capturing data on performance

By getting close to the action, and by keeping in

mind the intended intervention and the companion
data collection activity vis a vis the actual interven-
tion and data collection activity, you will benefit in
2 ways. First, you will have a better sense as to why
results turn out the way they do. Second, you will
gain valuable knowledge that can be used to improve
the next cycle of planning and testing a change.

Perform data analysis and display the results in a
way that directly answers your key questions

Before performing the data analysis, it is first neces-
sary to edit and clean the data. This is done to ensure
that missing data are minimized and that all observa-
tions are recorded using “in-range” coding conven-
tions. For example, if a variable has 2 coding cate-
gories such as 0 = disease absent and 1 = disease
present, then there should only be 2 classes of re-
sults, 0’s and 1’s; all other results are “out of range”
and require reconciliation. It is common to verify that
data have been recorded correctly. For example, if
medical records have been reviewed to ascertain val-
ues of key variables a 10% to 20% subsample may
be reviewed a second time by another individual to
compare the original observations with the second
set of observations to evaluate inter-rater reliability.
Another method that is used to minimize error is to
use redundancy in entering data to avoid data en-
try error creeping into the data set. If the project in-
volves the use of qualitative data, such as observa-
tions or verbatim comments, the qualitative data will
need to be coded using established coding conven-
tions to transform observations or comments into ex-

haustive and mutually exclusive categories, which
enable these findings to be summarized.

After preparing the data for analysis, one can pro-
ceed to the analysis of the data in a manner that en-
ables you to answer your key questions based on lo-
cally gathered evidence. At this point, you are ready
to make your original dummy data displays real. In
general, the analysis follows a 3-step process.

e The first step is to “run the marginals” or in com-
mon parlance to tally each variable and to show
the frequency distribution for each variable (ie,
how many values fall into each possible response
category).

¢ The second step is to describe the study popula-
tion. The data are analyzed in a manner that an-
swers the question, “How many people of what
type took part in the project?” This step gener-
ally uses simple univariate statistics to summa-
rize the demographic and clinical characteristics
of the population.

¢ The third step is to test the main hypothesis or
key questions. The data are analyzed in a manner
that answers the question of whether “variable X
is associated with variable Y” or if the beginning
ofan intervention corresponds with a substantial
change in the level of an outcome of interest.

At this point it is wise to again involve a qualified
statistician to assist with the work. The third step
usually involves the use of bivariate or multivariate
methods to show degree of association, and/or level
of statistical significance and generally uses conven-
tional statistical techniques such as t-tests, analysis
of variance, multiple linear regression, logistic re-
gression analysis, and other methods. Improvement
projects often make use of statistical process con-
trol (SPC) methods that use longitudinal data dis-
play methods.® This is a powerful family of analysis
methods—using run charts, control charts, and time
series analysis methods—that can show whether or
not a change in the level or variation of an outcome
of interest is associated with the onset of a particu-
lar intervention or planned test of change. On some
occasions, longitudinal analysis techniques are used
to display the influence of multiple tests of change
on a key outcome of interest. Based on the pattern
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of results revealed by your data displays, you will be
able to accept or reject your hypothesis and to an-
swer your key questions. Your work is not quite com-
plete, however, because it is important to take one
final action—before moving on to your next design
or redesign effort.

Review and document the strengths and limitations
of your measurement work and use this knowledge
to guide intelligent interpretation of the

observed results

The last step in the measurement process is to re-
view your work and to diagnose the strengths and
weaknesses of your planned intervention, your re-
search design, and your efforts to measure the re-
sults. This is a time for analysis, reflection, and criti-
cal thinking. Consider sources of bias that may have
entered into the work, consider unanticipated events
that occurred, be they fortuitous or harmful. Discuss
these issues with colleagues that participated in the
improvement project and review the notes that were
taken during the implementation phase of the inter-
vention. Commit your reflections to writing and use
the fruits of this exercise in 2 ways—include your ob-
servations in the “discussion” section of your paper
that summarizes your quality improvement project
and use the learning to improve your next project.

FREQUENTLY ASKED QUESTIONS

There are many questions about using measure-
ment in improvement work. In this section we pro-
vide answers to some of the most frequently asked
questions. Before proceeding, however, a word of
warning. Most questions about measurement in qual-
ity improvement work come out of a certain, specific
context that conditions a correct and useful response.
Thus general questions with general answers may
prove to be specifically wrong under certain actual
conditions.

Do we need a control group?

Yes. It is impossible to know if a change is an im-
provement absent a comparison measurement of the

“prechange” state or a relevant comparison group.
It follows that you will need to use a conventional
pretest—posttest design or a more powerful quasi-
experimental design.

If you are working to improve a complex process
and if you expect that substantial change will require
several iterative tests of change that will be lagged
in one after the other, then you may wish to use sta-
tistical process control techniques to measure perfor-
mance over time. One way to do this is to follow this
approach to measurement:

e Establish a baseline set of values—using a con-
trol chart to establish the upper and lower nat-
ural process limits (UNPL and LNPL) and the
mean value (x-bar)—for key outcome measures

e Commence introducing changes into the pro-
cess, one-by-one, and continue to monitor the
value of outcomes over time by continuing to
plot points on a control chart

e Whenindividual changes are introduced into the
process, make a “note” on the control chart to
indicate the onset and name of the change and
separate the points on the control chart spatially
and continue plotting the subsequent run of val-
ues while maintaining the preestablished param-
eters for upper and lower natural process limits
and mean value

¢ Determine if each change is associated with an
improvement in key outcome values by using
standard rules of detection for control charts.”

How big does the sample need to be?

This question cannot be answered without a spe-
cific context. It is prudent to involve a qualified statis-
tician in the project from start to finish. If you are us-
ing conventional parametric or nonparametric statis-
tics, you may find that you need 200 to 400 observa-
tions per group (ie, test and control group research de-
sign) or per observational period (ie, pretest posttest
research design). If you are using SPC methods you
will need approximately 25 “data points” to establish
the parameters (upper and lower natural process lim-
its, and average value) and each data point may repre-
sent a subgroup of values collected within a particu-
lar time period. One common sampling plan for using
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SPC methods is to gather 4 observations per time pe-
riod to calculate a data point; this would require 100
observations and produce 25 data points with 4 ob-
servations per data point. The time needed to gather
this data depends on the rate of incoming patients
into the clinical setting(s) performing the project.

What are the sources of data and types of
variables most often needed to do health care
improvement research?

Let’s begin with a simplifying assumption. We will
posit that much health care improvement research is
concerned with the delivery of care for certain types
of patients who will experience a set of outcomes
(clinical, functional, risk status, satisfaction) and in-
cur an array of costs.

In prior publications we have described a frame-
work for this common situation that we have termed
“clinical value compass” thinking. This concept is
illustrated in Figure 1. Using clinical value compass
thinking, a subpopulation of patients enters into a
treatment episode, a process of care unfolds, and at
the end of the treatment episode the patient attains a
set of outcomes and incurs a set of costs. Using this
general model, one can analyze and measure differ-
ent aspects of the episode of care—patient charac-
teristics and expectations for care at Time 1, health
care process variables associated with the delivery

Table 1

of care, and patient outcomes and health care costs
at Time 2. Given this method of framing the health
care delivery process and episodes of care, we can
then measure the process of care because this pro-
cess has the capacity to “throw off” data and one has
the potential to “catch” and analyze the data that the
process is emitting.

What are some of the different sources of data that
are being “cast off” as the process unfolds? There are
3 basic sources of data: the patient, the staff (clin-
ical and administrative staff), and the “archives”—
data that is produced as a byproduct of care deliv-
ery (eg, scheduling data, medical record data, labo-
ratory data, diagnostic test data, financial and billing
data, etc). These sources of data can provide values
for the different types of variables that are required
to perform improvement projects. The 3 different
sources of data and examples of the types of variables
that can be obtained from each source are listed in
Table 1.

How can data collection be built into the flow
of work?

Under some conditions data on needed variables
will be available from archival sources (such as
scheduling, medical records, diagnostic tests, and
billing) and the data will be deemed sufficiently com-
plete and accurate for research purposes. When this

COMMON SOURCES OF DATA AND ILLUSTRATIVE TYPES OF VARIABLES

Source of data

Illustrative types of variables

Patient

Symptoms, pain, functional status, behavioral risk status, demographics, satisfaction with care

and services, perceived health benefit, time lost from work, disruption of major role
activities, verbatim comments, estimates of elapsed times, reports on care plan, reports on
adherence to treatment regimens, reports on utilization of health care services such as doctor
visits, emergency department visits, hospital stays, etc.

Clinician and staff

Problems, chief complaint, diagnoses, problem severity, signs, physical test results,

complications, objective tests of functional status, diagnostic tests ordered, diagnostic test
results, treatments ordered, treatment results, disposition, prognosis, adverse events, etc.

Archival records

Utilization of ambulatory, inpatient, and home health services, diagnostic tests ordered,

diagnostic test results, appointments scheduled, appointments kept, charges for care
received, demographics of patient, adverse events, etc.
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is true, it makes sense to use archival data; this data
can be gathered retrospectively as a “by-product” of
the current delivery process. Sadly, however, the data
that is needed to answer key improvement questions
is oftentimes either not gathered routinely or is col-
lected but is not sufficiently accurate for the spe-
cific purposes at hand. Under these circumstances,
data must be gathered prospectively—from patients,
clinical staff, or appended to archives—and this, in
turn, leads to the need to build data collection into
the day-to-day flow of work in the health care de-
livery unit that is the locus of the work. This cre-
ates a challenge—how best to “insert” a new, and ac-
ceptable data collection routine into the daily work
of busy people who staff the clinical unit. To work
through this challenge in a manner that is most likely
to produce a successful result (ie, staff ready and able
to gather needed data that is complete, reliable, and
valid) it may be helpful to take these steps:
e Secure the buy-in and involvement of leadership
within the organizational unit
e Visualize the work flow and patient flow in the
work unit and construct a “current method”
flowchart to depict the flow of patients and work
within the unit
¢ Determine where in the flow of patient care/work
it is possible to gather data on core variables
e Specify which type ofindividual is “there” in the
flow of patient care that is in the best position to
provide data on core variables
e Work with these individuals to design the best
way of “trapping” data as part of the flow of pa-
tient care that is minimally disruptive and max-
imally accurate
¢ Design a “new method” flowchart to depict the
flow of patients and work within the unit that
reveals who will do what in the process flow to
“trap” and record values for core variables
e Pilot test the “new method” to make sure that it
works according to plan using quality improve-
ment tools
A good method to “trap” the needed data is to con-
struct “self-coding” data forms. A self-coding data
form is a structured data collection sheet (or template)
that lists the variables and response choices in a clear

easy-to-read and easy-to-complete format. The self-
coding data sheet should include operational defini-
tions and instructions (perhaps on the backside of the
sheet) to make it easy for the person to complete the
form correctly.

What’s involved in training and coordinating data
collection in improvement projects?

One way to train people to gather data prospec-
tively is to meet with the individuals who are fulfill-
ing the data “trapping” role and to hold a discussion
with them. The points that might be covered in the
discussion are

e Rationale: Why this? Why now? Why is this im-
portant?

e Utility: Indicate how the data will be used and
analyzed and ensure that the uses will not be
threatening those who must be depended on to
provide accurate data

e Current process: Discuss current work process
using “current method” flowchart to illustrate

e New process: Discuss proposed way to inte-
grate data collection into daily work using “new
method” flowchart

e Data collection forms: Discuss the medium (data
collection form, template, etc) that will be used
to gather data on core variables

¢ Practice: Role play the completion of data col-
lection forms under different conditions

e Pilot test: Conduct small scale pilot test of
data collection and debrief with the individuals
who’s daily work now includes data “trapping”

e Oversight: Check data at regular interval (eg,
daily or weekly) to ensure that data forms are
being completed in a consistent manner and dis-
cuss any problems with relevant staff

Consider working with local leadership to include
data collection as part of the basic job description
of staff. Work to create a supportive data collection
environment that is supported by leaders, supervi-
sors, and front line staff. Consider ways that you can
make the data useful “right away” for the front line
team. For example: (a) information on the patient’s
viewpoint on access to services could be used to de-
termine the need for change and could be used to
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evaluate the success of efforts intended to improve
access, and (b) data on hemoglobin A1lc levels of dia-
betics under active care could be put into a visual dis-
play to show the variation in glycemic control within
the subpopulation that is receiving care.

What are the sources of inaccuracy and bias
and how can they be avoided?

All data are imperfect. All data contain error. The
more we know about what’s wrong with our data the
better informed we are about how to interpret the
number. In developing your research design and mea-
surement plan, you will want to take into account
ways to gather data that are sufficiently accurate for
the job at hand.

If key variables are based on “objective tests” then
it is prudent to make sure that the materials and in-
struments are in good working order, are calibrated
properly, and that the results are interpreted in a stan-
dard way. If key variables are based on “reports” or
“ratings” from staff or patients, then you will want to
make sure that the “stimulus question” is clear, can
only be interpreted in one way, and that the response
choices that are offered are relevant, exhaustive, and
mutually exclusive. If it is possible to use a standard-
ized survey that has been validated properly, then it
may be prudent and efficient to make use of the pre-
existing survey.

There are many potential sources of bias. Here
are a few of the more common forms of bias that
can influence health care relevant data. One type of
bias emanates from what is sometimes referred to as
the social desirability effect. For example, patients
may wish to appear “compliant” or “pleased” with
their health care and clinicians may wish to appear
“thorough” and “burdened” by very sick patients.
If a substantial number of patients or clinicians are
asked to report or rate performance in these areas,
then, all things equal, the results may tend to favor
higher compliance, higher satisfaction, fuller coding,
and increased severity than would otherwise be the
case. Another type of bias is associated with the ef-
fects of memory—there may be compression or ex-
pansion or selective recall of important events that
the respondent is being called on to evaluate or to

report on. Another type of bias is associated with
instrumentation/interpretation effects and is espe-
cially relevant when “objective” measures are being
used such as blood pressure, ejection fraction, pul-
monary function, pathologic specimen results, x-ray
results, etc. There may be a tendency for values to
vary systematically higher or lower than their “true”
value.

As one considers different measures and their as-
sociated potential sources for error and bias, try to
devise antidotes (specific counter actions) to mini-
mize these problems. The best antidotes will be for-
ward thinking and will capitalize on the up front
design of the process of training, the process of in-
strumentation, the process of data checking, and the
process of supervising/coaching the data collection
process.

What variables should be considered as covariates
or confounders or stratifiers?

After your data has been collected and you are
preparing to analyze the information, you will want
to make sure that you have the ability to determine if
certain measurable variables “condition” the results.
Make sure that you have taken the issue of confound-
ing or covariation into account at an early stage in
the research process by building dummy data dis-
plays that (a) answer key questions, and (b) anticipate
the need to analyze the data in ways that can “disen-
tangle” causes and effects or can separate different
“nodes” in the “web of causation.”®

Some frequently occurring categories of covariates,
confounders, and stratifiers are

e Patient — characteristics of individuals such as

demographics, comorbidities, disease severity,
and functional health status

e Time — of day, day of week, season of year

e Place — location of care

e Practitioner — clinician providing care, clinical

team providing care

¢ Degree — magnitude of exposure to intervention

or planned test of change
The great value in anticipating the need to analyze the
data using covariates, confounders, or stratification
variables is that you will have a better opportunity
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to separate known causes of variation from unknown
and the “signal” that emerges from the results will be
clearer and more refined.

What statistical techniques are most likely
to be useful?

Statistics are tools that we use to analyze and sum-
marize and condense the message that is contained in
therelationships among variables under study. Statis-
tics are methods that we use to “pull out” the sig-
nals that are embedded in the structure of the data
and the relationships between variables. Many use-
ful and outstanding texts are available that will help
provide an adequate question to this large and im-
portant question. The selection of statistical tech-
niques is contingent on the type of variables used
in the research (eg, nominal, ordinal, interval, ratio),
the structure of the variables (ie, normal distribution,
skewed, bimodal, etc.), the choice of the research de-
sign (eg, before-after, multiple contrast groups, etc.),
and the nature of the analytic objective. Consider
working with a qualified statistician to guide you
through the selection and application of appropriate
analysis methods.

Some of the most common bivariate and multivari-
ate statistical techniques that are covered in classical
statistical texts and courses involve t-tests, chi-square
analysis, analysis of variance, analysis of covariance,
multiple linear regression, and logistic regression.’
These methods of statistical analysis are conven-
tional, powerful, and extremely useful.

There is another branch of statistics, however, that
has emerged from the field of quality control and
is often referred to as “SPC” or statistical process
control.’®1% This family of statistical methods has
proven to be extremely valuable for quality improve-
ment projects, especially under conditions in which
time-series designs are used or when, after establish-
ing a series of time ordered baseline values, the im-
provement team begins to introduce sequential tests
of change.® One of the distinctive features of SPC
techniques is that they use graphical forms of data
presentation that make it easy for the analyst to vi-
sualize variation over time and to use standard rules
to detect shifts, trends, special cause events, and spe-

cial patterns of causation. There are different control
charts for different types of data such as individual
values, subgroup averages of individual values, count
data, proportion data, and so forth. Once again, re-
lying on a qualified statistician is best to guide you
through the selection and use of this set of analytic
tools.

How can data be displayed in a way that is most
easy to interpret?

Different people will have different preferences for
displaying data. Some prefer tables and some pre-
fer graphic displays. Both approaches are commonly
used and useful. Also, different data sets will in-
vite different methods of data display and it is help-
ful to allow the structure of the data to inform the
selection of data display method. For example, if
data are gathered in a test and control group dur-
ing 3 periods of observation, then the data display
should reflect values for each group for each of 3 time
periods.

When using tabular data displays, it is generally
important to pay careful attention to the table title,
the contents of the table itself, the loss of data from the
original sample to the specific table, and to providing
more detailed information to help the careful reader
interpret the results. A few hints on table “hygiene”
follow:

e use a table title that describes the contents of the

table

e provide information on sample size used in the
table, ie, N given in the table

¢ provide information on the number of subjects or
observations that were excluded from the origi-
nal sample for specific reasons (eg, missing ob-
servations)

e use specific footnotes to clarify aspects of the ta-
ble that the careful reader would want to know
about (eg, describe the meaning of column labels
and row labels, indicate the specific statistical
tests that were used to produce p-values, etc)

Under many conditions, graphic data displays can
be used to provide rich information that aids inter-
pretation. One advantage of visual displays is that
they can be viewed as a “picture” by the audience
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Purpose and data type

Type of graph

Display univariate distributions
Describe parts of whole

Describe trends

Analyze individual cases

Analyze 2 variable relationships
Analyze multivariate relationships

Frequency bar chart

Bar chart, divided bar chart, pie chart

Time series plot

Box plot, stem and leaf plot, dot charts

Scatterplot

Scatterplot matrix, cluster scatter plot, 3-variable plot

and as such can be interpreted quickly—if the audi-
ence has had prior experience in viewing similarly
structured “pictures.” There are some excellent texts
on graphic techniques that can be used as sources
of reference, practical guidance, and inspiration.”~*?
A “quick reference” list of graphical display meth-
ods related to different types of data is provided in
Table 2. Information in this table is based on the book
authored by Henry.’

Another helpful method is to create “process flow”
data displays. A process flow data display combines
a simplified flow chart of a process (eg, accessing
outpatient care) with data values that measure how
the process is working for key steps in the process.
Figure 5 provides a process flow data display for ac-

Satisfaction
Very 74%
Disat. 5%

Satisfaction
Very  75%
Disat. 7%

cess to care for an outpatient visit to a primary care
practice.

CONCLUSION

It is essential to build strong measurement into
quality improvement projects to produce reliable re-
sults information and, when appropriate, enhance
the likelihood of publication. It is important to har-
ness measurement to serve improvement. We must
find ways to make the collection and analysis of
data friendly to the “front line” team and useful for
many different users. This requires an understand-
ing of the “local ecology” of health care to promote

Southern Region

Satisfaction
Very 69%
Disat. 8%

Time to Schedule Time in Waiting

A

Appointment Room

Time in Exam
Room

Clinician

See MD Preferred )
Rating

<10 min  55%
>16 15%

Want Actual
Same Day 31% 33%
1-2days 11% 2%
<iweek 11% 19%

<10 min 84%

>16

69%
12%

Yes

>10 13% No

7%

Figure 5. Process flow data display: access to care.
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“friendliness” and a deep understanding of the needs
of multiple users of the data to promote “utility” in
the real world.

One promising strategy to conjoin friendliness with
accuracy and utility is to adopt a “feed forward”
approach to collecting and analyzing data. This ap-
proach designs information flows into the care de-
livery process to “capture” and use the data as the
care process unfolds in real time and to gather the
information from the most reliable source (patient,
physician, nurse, scheduling system, diagnostic test-
ing system, etc) as soon as it “happens.” The feed for-
ward approach is being used at the Dartmouth Spine
Center and in a National Institute of Health spon-
sored randomized clinical trial on spine surgery (ie,
the SPORT Trial). Both of these make use of clini-
cal value compass concepts, touch-screen computers,
and other low technology devices to obtain real time
“data inputs” from patients, doctors, nurses, and oth-
ers to track processes and outcomes of care.?°

We look forward to the time when more and more
members of the clinical team will find it increasingly
feasible to blend clinical care with reflective prac-
tice, with the improvement of care using the scientific
method.
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