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Background: The health care system in the United States is changing at an ever-increasing rate. Recent
reports by the Institute of Medicine raising concerns regarding rates of medical errors and suggesting
the need for reengineering of the health care delivery system have focused attention on the need for
quality measurement and improvement. Methods:  We abstracted data from final written reports submit-
ted by 18 Undergraduate Medical Education for the 21st Century (UME-21) schools, as well as other
materials available from participating UME-21 schools. Specific curricular innovations developed and
implemented were identified. Additionally, senior medical students’ responses to the annual Graduation
Questionnaire administered by the Association of American Medical Colleges (AAMC) were available
for analysis. The change from 1999 to 2001 in the proportion of seniors rating instruction in quality
assurance as adequate was compared among four groups of UME-21 schools and the other 107 US
medical schools. Results: Eleven of the 18 schools specifically addressed the content areas of quality
measurement and improvement, including utilization management (27% of schools), cost-effectiveness
(45% of schools), use of clinical practice guidelines (73% of schools), and patient satisfaction assess-
ment (45% of schools). Each school developed unique approaches and educational materials pertinent
to the content area. Overall, the percentage of seniors rating the relative amount of instructional time
devoted to quality assurance in medicine by their school’s curriculum as adequate or better rose from
49% to 66% between 1999 and 2001 at the 11 UME-21 schools that introduced initiatives in quality
improvement into their curricula. This change was significantly higher than the pattern at other US
medical schools between 1999 and 2001, at which seniors’ ratings rose only from 43% to 56%.
Conclusions: Curriculum development and implementation addressing quality improvement in medical
practice accelerate improvement of students’ perception that their education has adequately addressed
this subject area. This article summarizes some of the experiences, curricular approaches, successes,
failures, and lessons learned in quality improvement by schools participating in the UME-21 project.
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Although physicians have historically been admonished
to “above all, do no harm,”  few medical schools have
attempted to give their students the skills to measure
the outcomes of care they provide to their patients.
Quality measurement and improvement, cost-effective-

ness evaluation,1 and the measurement of patient satis-
faction2 are all components of contemporary health care
systems designed to deliver high-quality, user-friendly,
affordable health care. Since the 1970s, a number of
medical and other health professions schools and resi-
dency programs have attempted to introduce quality
improvement, cost-effectiveness assessment, and other
aspects of health care systems management into their
curricula with variable success.3-11 They used a variety
of methods, including lecture, seminar, practicum ex-
periences, and longitudinal continuous quality improve-
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ment (CQI) projects, peer-review activities, and obser-
vation of or participation in inpatient and outpatient
quality improvement programs. Most of these were iso-
lated pilot projects within traditional health professions’
curricula.

The evolution of managed care, with its focus on
population health and cost containment, has forced us
to attempt to measure the quality and effectiveness of
the care we deliver and the nature of the outcomes we
elicit. The Institute of Medicine’s (IOM) November
1999 report, To Err Is Human: Building a Safer Health
System,12 suggested that medical errors may be one of
the most frequent causes of death in the United States.
The congressional hearings that followed, with their
demand for accountability, sent shock waves through
health care consumers and their providers, making the
measurement of quality and outcomes a focus of pub-
lic scrutiny.

In the wake of the report, the Association of Ameri-
can Medical Colleges (AAMC) called for a collabora-
tive effort to “ensure that the next generation of physi-
cians is adequately prepared to recognize the sources
of error in medical practice, to acknowledge their own
vulnerability to error, and to engage fully in the pro-
cess of continuous quality improvement (CQI).”13 The
IOM’s follow-up report, Crossing the Quality Chasm:
A New Health System for the 21st Century,2 challenged
the health care system to reengineer itself to ensure
better outcomes for patients. It recommended develop-
ment of practice guidelines, identif ication of best prac-
tices, and dissemination of these models of care to the
general public and professional communities. It further
recommended that the health care system must become
more patient centered and suggested the need for greater
consumer input and more accurate assessment of pa-
tient needs and preferences.

This report summarizes the curricula pertinent to
quality improvement, cost-effectiveness, and patient
satisfaction assessment developed through UME-21 by
the eight partner schools and three of the 10 associate
partner schools (a total of 11 of the 18 UME-21 schools)
that focused on these competency areas.

Methods
Data were abstracted from written reports provided

by each of the 18 UME-21 (eight partner and 10 asso-
ciate partner) schools to the project Executive Com-
mittee and sponsor. In selected cases, additional data
were obtained by personal communications with project
directors and evaluators. Data regarding types of cur-
riculum developed, medical school years affected,
learning objectives addressed, general and specif ic
teaching methods used, the use of practical experiences
(CQI projects), and the duration of the intervention or
curriculum were collected and integrated into tabular
form (see Table 1). Local UME-21 site leaders verif ied

all data in the tables. The information collected was
then analyzed for curricular themes, teaching methods,
and lessons learned.

Seniors’  responses to the annual Graduation Ques-
tionnaire administered by the AAMC were available
for the 18 UME-21 medical schools as part of the na-
tional evaluation of the UME-21 project described else-
where in this supplement. One item administered an-
nually between 1999 and 2001 asked seniors to rate
the relative amount of instructional time devoted to
quality assurance in medicine. The schools were strati-
f ied into groups based on the intensity of their new
educational program devoted to quality assurance. The
first group was comprised of four schools that intro-
duced new instruction plus major, individual student
projects on quality improvement. The second included
two schools that required instruction, but with smaller
required projects. The f ive schools in the third group
required instruction but no additional project. The re-
maining group was comprised of seven associate part-
ner schools that did not introduce a new curriculum for
quality improvement as part of their 3-year period of
funding. The change from 1999 to 2001 in the propor-
tion of seniors rating instruction in quality assurance
as adequate was compared among the three groups of
UME-21 schools and the other 114 US medical schools,
including the seven UME-21 schools that did not ad-
dress CQI in their curricular innovations.

Results
Curricular Themes

Although all schools were addressing the same con-
tent area, each approached curriculum development in
its own unique way. All schools spent some lecture/
seminar time examining the theoretical basis of CQI
and its role in improving the outcomes of clinical care
and preventing medical errors. Utilization management
was specifically addressed in three of the 11 programs
(27%) and cost-effectiveness determination in f ive
(45%). Patient satisfaction was specif ically addressed
in 45% of curricula. Five programs (45%) included it
in their learning objectives, but only one (9%) men-
tioned it in its f inal report as an area of curricular focus.

The use of guidelines in clinical practice was ad-
dressed in most programs (eight of 11 or 73%), as were
aspects of benchmarking and accreditation (HEDIS,
NCQA, JCAHCO, etc). Each program approached qual-
ity measurement and improvement with a somewhat
di fferent focus. The Uni versi ty of Pennsyl vani a
(UPenn) took a more behavioral approach, accenting
the need for change and methods to modify physician
behavior. Other schools (the University of Connecticut
[UConn], the University of Miami, the University of
Nebraska, and the University of California, San Fran-
cisco [UCSF]) took a more systems-based approach,
having students evaluate a quality issue in the off ice
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Table 1

Curricular Characteristics of 11 of the 18 UME-21 Schools (Eight Partner and Three Associate Partner)
Addressing Quality Measurement and Improvement, Cost-effectiveness, and Patient Satisfaction

School
(Partner Status, Group) Year Learning Objectives Curriculum Developed   Duration

Dartmouth 3, 4 Incorporate knowledge of MS3: Disease management—small Yes 12 months Y Y
Medical School disease management and how groups collect data on f ive patients
(Partner; Group 2) to use resources (guidelines, per practice (multidisciplinary: FM, Mini Six 1-hour

MCOs) to promote quality IM, Peds), compare with guidelines, sessions each
care; CQI—how to assess discuss with MCO, re: variance and 16-week
clinical care, implement best practices block
change, and measure outcome MS4: CQI—part of  Health, Society,

and Physician (HSP) course; seminar 1 day in
discussion of CQI projects ongoing 4-week HSP
at health center; students draft case course
summary and poster presentations
of projects

Jefferson Medical 1, 3, MS3: Balancing cost and MS1: Lecture/seminar as part of No MS3: Y Y Y Y
College (Associate and 4 quality; credentialing for Introduction to Health Systems Integrated
Partner; Group 3) MCOs; patient satisfaction MS3:Self-study modules into

measurement; value of MS4: Panel discussion with faculty, curriculum
efficient of fice MCO executives, and utilization MS4: 1/2 day
MS4: 1 day on review medical directors from
performance improvement health system

University of  California, 3 Identify patient educational Partnerships for Longitudinal No 1/2 day/week Y Y Y
San Francisco services appropriate to their Ambulatory Care Education for 24 weeks
(Partner; Group 3) patient; interview patient re: (PLACE); 1/2 day/week continuity

patient education experience; clinic during 24-week ambulatory
def ine two QI activities in block in managed care setting;
health system; describe one debrief ing group seminars at the end
existing QI in system and of rotation; accompanying didactics;
propose one; def ine HEDIS students research two managed care
indicators vignettes

University of 2 and 3 Define quality; history and MS2: Lecture/seminar with Yes 18 months Y Y
Connecticut (Associate principles of CQI; PDSA background on CQI and health
Partner; Group 1) cycle description and use; system; integrate epidemiology

CQI tools; use of clinical principles into project; disease-
guidelines and performance specif ic CQI /identify OFI/PDSA;
evaluation in CQI and project done at student continuity
clinician behavior change; practice site (student in primary care
methods and use of patient practice 1/2 day per week for 3 years)
satisfaction measurement; be during MS2 and three baseline chart
able to perform full PDSA/ abstraction, data analysis,
CQI cycle at ambulatory site intervention, and post-intervention

abstraction

University of  Miami 2 How quality is measured, Lecture/seminar Yes 2 weeks Y Y Y Y
(Partner; Group 1) principles of QI, use of CQI/patient satisfaction with

outcome measures to develop mini-chart abstraction and
standards of care, use of follow-up discussion
clinical guidelines, critical Lecture; community practice
paths, benchmarking assessment of  quality of  access,
Patient satisfaction as a quality of  environment, quality of
valid measureof quality documentation; small group,
Also, a Faculty Development Web module
Seminar for including
quality in bedside teaching
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Table 1

(Continued)

School
(Partner Status, Group) Year Learning Objectives Curriculum Developed   Duration

University of  Minnesota 3 and 4 Explore methods of quality Managed care colloquium with Yes 2.5 hours Y Y
(Associate Partner; Primary measurement in population managed care organization
Group 1) care care, introduce concepts of executives, prepatory reading on

clerkship cost-effectiveness in ensuring quality
population-wide intervention Computer project, Web-based

patient population database–
simulate design of disease
management program

University of  Nebraska 3 FM Plan 1 change in practice; Identify patient population/problem/ Yes 8 weeks Y Y Y
(Partner; Group 1) experienceunderstand PDSA, NCQA literature search/identify guideline/

or JCAHCO review, audit, abstraction data/identify
participate in utilization opportunities for improvement;
management/utilization participate in of f ice review
review

University of Part of Understand causes and Lecture/seminar facilitated by No Four Y Y
Pennsylvania health dimensions of quality interdisciplinary team including sessions/
(Partner; Group 3) care problem, and recognize MCO, business, economist faculty total

systems need for personal and No project 10 hours
curriculum organizational behavioral

improvement

University of 3 Understand need for MD to Lecture/seminar on managed care No 12 weeks Y Y Y Y Y Y
Pittsburgh monitor the quality and cost- and QI, self-study guide, examine
(Partner; Group 3) effectiveness of clinical three practices they rotate through,

practice, HEDIS, CQI and assess how quality is addressed,
methods, patient satisfaction, structured clinical guideline
clinical guidelines assessment

University of  Wisconsin 2–4 Principles of CQI, use of Lecture/seminar; observation of No Intermittent Y Y Y Y Y
(Partner; Group 3) practice guidelines, delivery CQI/utilization management at site; over 3

of cost-ef fective care, Web-based material developed years.
utilization review/QA in CQI over
medical practice 8 weeks.

Wayne State University Int 1–4 Familiarize with CQI, Lecture/seminar in Managing Care Yes Lecture/ Y Y
(Partner; Group 2) benchmarks, HEDIS, Curriculum, MS3: continuity clinic mini- seminar;

guidelines, patient Follow 10 patients x 6 months, project MS 1–2
satisfaction discuss use of evidence-based Follow

medicine, guidelines, HEDIS with patients x
preceptor 6 months –

MS3

CQI—continuous quality improvement
GQ—AAMC Graduate Questionnaire
MCO—managed care organization
MS—medical student year
PDSA—plan, do, study, act cycle
QI—quality improvement
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practices to which they were assi gned. Others (the
University of Minnesota) emphasized population-wide
interventions using Web-based computer simulations
of patient populations.

Teaching Methods Used
Methods used to deliver curricular content included

(1) lectures, (2) small-group seminar discussion groups,
(3) Web-based computer simulations and population
health exercises, (4) observerships (in which medical
students shadow a clinician or a managed care organi-
zation (MCO) executive involved in quality improve-
ment activity), (5) limited chart audit experience (stu-
dents gather data on a limited number of patients seen
at the clinical site), and (6) full CQI projects (students
participate in a full cycle of CQI, including baseline
chart audit, data interpretation, intervention develop-
ment and implementation, and post-intervention chart
audit). All schools used lectures or seminars to address
basic concepts of CQI, as well as cost-effectiveness
analysis and patient satisfaction, when included in their
efforts.

Each individual school used a different mix of other
methods, as delineated in Table 1, to deliver and rein-
force curricular material. Two schools (18%), the Uni-
versity of Pittsburgh and the University of Wisconsin,
used observerships or shadowing of clinicians or man-
aged care personnel engaged in CQI activities to model
behavior. Six (55%) schools had CQI projects as part
of their curriculum. Dartmouth Medical School and
Wayne State University had small CQI projects inte-
grated into their curricula. The University of Minne-
sota developed a computer-based CQI project simula-
tion. UConn, the University of Miami, and the Univer-
sity of Nebraska included more extensive projects in-
volving population identif ication, data collection, and
analysis and intervention. Four schools (36%) featured
a Web-based curriculum of simulations (University of
Miami, University of Minnesota, University of Pitts-
burgh, and University of Wisconsin).

Seniors’  Reports of Instruction
The greatest change between 1999 and 2001 (AAMC

Graduate Questionnaire data) in assessment of the ad-
equacy of instructional time devoted to quality assur-
ance was observed in the UME-21 schools that required
instruction plus a substantial individual CQI project for
each student. The percentage of seniors in these four
schools reporting instructional time as adequate rose
from 46% to 70% between 1999 and 2001, an increase
of 24 percentage points. This change was somewhat
higher than, but not signif icantly different from, the
rate for seniors at f ive schools that did not require CQI
projects, where the increase was 18 percentage points.
The two schools that required mini projects had a
smaller change of just 12%, but they were somewhat

unique in that nearly two thirds (63%) of their seniors
in 1999 had already rated instructional time as adequate.
Overall, the ratings of instructional time as adequate
by seniors at the 11 UME-21 schools that introduced
new quality improvement initiatives in their curricula
rose from 49% to 66% between 1999 and 2001. This
change was signif icantly higher (P<.001) than the pat-
tern at other US medical schools between 1999 and
2001, where seniors’  ratings rose from 43% to only 56%.

Discussion
In contrast to earlier efforts, the UME-21 project fa-

cilitated the development of curriculum on continuous
quality measurement and improvement, cost-effective-
ness, and patient satisfaction as part of integrated cur-
ricula addressing contemporary health care delivery.
The development of these targeted educational inter-
ventions occurred within the context of general cur-
ricular reform and innovation fostered by the contract
funding, producing a wide array of creative approaches
to affording future physicians’ skills in these areas.

The diversity of approaches to skills development is
evident from Table 1. Each school used a unique mix-
ture of lectures or seminars, observerships, self-study
modules, and Web- or computer-based materials to ad-
dress these learning objectives. The evaluation of these
efforts identif ied successes and failures, as well as bar-
riers that will impede successful implementation at other
schools. Overall, UME schools that developed curricu-
lar material targeted at CQI showed greater improve-
ment in the rates at which they were assessed as having
adequately addressed the subject than did other UME-
21 or non-UME-21 schools. The availability of this
experience to other schools embarking on reform of
their own curriculum will be invaluable.

Lessons learned at each participating school were
specif ic to the curricular innovations developed and
implementation challenges experienced at each site.
From reviewing the common lessons learned by UME-
21 participants that focused on this content area, cer-
tain themes emerge.

First, each school’s undergraduate medical curricu-
lum is unique, and modules addressing any content area
must be tailored to the details of that school’s curricu-
lum. For students to do a CQI project in an outpatient
setting, they must be present at the practice longitudi-
nally for an adequate length of time.

Second, student knowledge and acceptance of inno-
vations in curricular content improve with time. Edu-
cators should avoid “giving up”  on innovations prema-
turely. It often takes at least two curriculum cycles (two
classes) receiving the content for it to be accepted as
part of the mainstream curricular content.

Third, rather than segregating material into its own
“course,”  schools should integrate content into already
existing curriculum segments in both the clinical and
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preclinical years. This approach allows packaging of
content in appropriate contexts and gives students a
more holistic and realistic view of the utility and in-
trinsic worth of the knowledge, skills, and behaviors
taught.

Fourth, preceptor role modeling is important. How-
ever, the lack of availability of clinical faculty and ad-
ministrative staff with knowledge of and enthusiasm
for quality measurement and improvement to serve as
mentors for students during practical experiences makes
project implementation diff icult. Faculty development
activities targeted at quality measurement and improve-
ment may be helpful, but getting faculty to attend these
activities is sometimes diff icult. Use of managed care
organization executives and staff to mentor both stu-
dents and faculty was successful at several sites.

Finally, although quality measurement and improve-
ment projects were well received in several sites, stu-
dents expressed concern regarding the complexity and
workload. Project design should be kept simple and
workload appropriate.

Conclusions
The health care system is in a phase of accelerating

evolution. Quality measurement and improvement,
cost-effectiveness assessment, and patient satisfaction
evaluation are and will remain integral parts of this
evolving system as consumers and payers demand ac-
countability for outcomes and cost. They are also sys-
tems functions that will, of necessity, be integrated into
the fabric of the health care delivery system—its hard-
ware, software, and day-to-day functioning. Informa-
tion technology, electronic medical records, order en-
try, handheld devices, electronic prescriptions, and other
as-yet unknown innovations will all make the measure-
ment of proximal and distal outcomes both effortless
and timely. How clinicians, and specif ically physicians,
will be prepared to proactively deal with this ever-
changing reality, remains to be seen.

Kenneth L. Shine, MD, president of the Institute of
Medicine, in his address to the AAMC Council of Deans
in April 2001, noted that while the medical profession
continues “ to focus on altruism . . . a focus on the con-
cepts of outcomes, of process, of evidence, of improve-

ment, of change, and of application of learning are ab-
solutely essential to us.”  1 The UME-21 project facili-
tated the development, implementation, and evaluation
of innovative curricula that may help to inform educa-
tional efforts in the future. As the health care system
continues to evolve, the educational system must, of
necessity, keep pace. Resources must be made avail-
able to support the innovative curricula that will equip
providers with the appropriate skills necessary for our
health care system to attain the outcomes that it prom-
ises.
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