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Summary

As the profession of respiratory care evolves, greater demands are being placed on educators,
managers, and practitioners as they encounter a mass of new literature and the latest technology.
Respiratory care schools and clinical departments are under increasing pressure to prepare stu-
dents and staff with the skills needed to efficiently and effectively consider the numerous primary
resear ch investigations, systematic reviews, consensus practice guidelines, and institutional contin-
uous-quality-improvement data. A classroom and work environment that encour ages openness and
discussion and rewar dsinquiry is of fundamental importance. Cooper ative efforts from school and
wor kplace can provide both student and practitioner with courses on scientific methodology, jour -
nal clubs, and equipment seminars. A student body and clinical staff that receive foundational and
ongoing education in empirical methodology will respond by assisting in the development and
implementation of practice protocols, quality assurance programs, and clinical research. A school
and workplace that embrace these attitudes and practices will provide an environment that en-
hances lear ning, stimulates professional development, and ultimately providesthe most current and
best care for its patients. Key words: research, respiratory care, research methodology, motivation,

medical education, teaching. [Respir Care 2004;49(10):1199-1205. © 2004 Daedaus Enterprises]

If you don’t ask the right questions, you don’'t get
theright answers. A question asked in the right way
often points to its own answer. Asking questions is
the ‘ABC’ of diagnosis. Only the inquiring mind
solves problems.

—Edward Hodnett
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I ntroduction

Respiratory care is a profession that has evolved from
conducting limited, task-based, technical functions to per-
forming an array of services that require more complex
cognitive abilities and patient-management skills. An in-
formation explosion and consequent changes have pro-
moted clinical practicethat isbased onthe scientific method.
The larger theme is to use “hard science” or “best evi-
dence” to establish the basis for clinical practice. Respi-
ratory care involves complex decisions, as evidence, ex-
pertise, and clinical values are applied in patient care.
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Tablel. Resources for Medical Literature Review, Statistics, and

Evidence-Based Medicine

Centre for Evidence-Based Medicine, University Department of
Psychiatry, Warneford Hospital, Headington, Oxford, United
Kingdom, OX3 7JX. http://www.cebm.net

BMJ Publishing Group Ltd, assisted by Stanford University’s
HighWire Press. http://ebm.bmjjournals.com

Evidence-Based Medicine Resource Center at the New York Academy
of Medicine Library, 1216 Fifth Avenue, New York, New Y ork.
http://www.ebmny.org

Evidence Medicine Toolkit. Buckingham J, Fisher B, and Saunders D.
Available at http://www.med.ual berta.ca/ebm/ebm.htm

Center for Evidence Based Medicine at Toronto General Hospital,
Toronto, Ontario, Canada. http://www.cebm.utoronto.ca

University of Massachusetts Medical School’s Evidence-Based
Medicine (EBM) Web site (a collaboration of the Lamar Soutter
Library and the University of Massachusetts Medical School’s
Department of Family Medicine and Community Health). http://
library.umassmed.edu/EBM

The movement toward a systematic approach to deci-
sion making, continuous quality improvement, outcomes
research, and evidence-based medicine (Table 1) are re-
sponses to the increasing complexity of health care deliv-
ery and an overwhelming volume of research.-8 These
approaches involve attempts to systematically solve pa
tient care problems, the common goals being better health
care delivery and better use of resources. Evidence-based
medicine attempts to integrate pathophysiologic principles
with clinical experience and valid current clinical research
data within a human context.

Important job skillsfor respiratory therapists include being
able to evaluate research with critical thinking, to understand
research study designs, and to participate in research projects.
These abilities help clinicians to stay well informed, to main-
tain a hedlthy skepticism, and to use critical thinking in mak-
ing clinical decisions. Looking for the truth and passing on
the art and science through teaching, mentoring, and contrib-
uting to professional journals are professional attributes. This
article discusses the teaching and learning of research meth-
ods and describes education and clinical practice as a con-
tinuum. We will review approaches to facilitate positive at-
titudes toward a scientific approach to solving clinical
problemsin respiratory care and the development of research
projectsin both respiratory care education programs and clin-
ical departments.

Rationale

It isachallenge for educators and managersto facilitate
this “new age” approach to patient care for current and
future generations of respiratory therapists. It involves in-
itialy establishing new attitudes and skills in students en-
tering the profession, and further enhancement of these

1200

attributes among current staff. Traditionally, both educa-
tion and staff development were based on a “hand-me-
down” approach. More senior faculty or departmental staff
would pass down the traditions that they had learned in
school, from textbooks or equipment manuals, or from
their personal observations and experience, and that infor-
mation would be used in local clinical practice. That ed-
ucation system|led to substantial practicedifferencesamong
education programs and among clinical institutions. Those
practice differences became more obvious as researchers
began to conduct large, multi-center clinical trias in the
pursuit of high-level evidence. Beginning in the 1980s
there was an increasing demand to explain practice differ-
ences, to better manage data from the information explo-
sion that followed the advent of computers, and to contain
medical costs. Those demands led to evidence-based med-
icine and outcomes-based research. Research in medical
education has led to a better understanding of the acqui-
sition of expertise and problem-solving skills.® During the
1990s the accreditation of respiratory care education pro-
grams also became based more on graduate outcome than
on process.1°

Resear ch-Oriented Curricula in Respiratory
Care Education

Itisalogical approach to expose students to research as
they begin their formal education in respiratory care. Such
a curriculum plan would implant the value of the research
method as students learn to perform patient physical as-
sessment and to interpret laboratory data, imaging find-
ings, and protocols and procedures. The information ex-
plosion has provided an abundance of content, but it has
also created a need to develop skills as managers of in-
formation. Students now must be able to use computerized
databases, to critically evaluate new information with
healthy skepticism, and to determine if research findings
areclinically important. This new processis quite complex
and is influenced by a multitude of factors. Learning the-
ories acknowledge the importance of imparting knowl-
edge/expertise and the context and education environment.
The education process can also be affected by the stu-
dent’s preferred learning style and life experiences.** The
teacher’ s role as amodel and mentor for students is one of
the most powerful variables in conveying the importance
of aresearch approach and research in general. Of course,
a respiratory care education program’s curriculum is im-
portant in establishing goals and objectives for the grad-
uate’s education outcome. We believe the curriculum
should support the development of research skills, in hopes
that graduates will get involved in research during their
professional careers.

In atraditional content-oriented format, students can be
successful in school by just memorizing material and pass-
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ing tests. We support education that promotes attitudes and
skills that will propel students to continue learning and to
continually integrate new knowledge throughout their ca-
reers. Respiratory care program advisory committees and
college/university planning groups can design their pro-
grams and employ learning strategies that support those
graduate attributes. Selecting techniques that foster a sci-
entific approach tends to support problem-based learning,
which ismore |learner-oriented. With problem-based |earn-
ing the faculty tend to act as facilitators, guides, and men-
tors, rather than merely as sources of information. Prob-
lem-based learning strategies tend to develop a more adult
learning approach that is supported by mutual trust, free-
dom of expression, and sharing of responsibility for plan-
ning and conducting education. Problem-based learning is
consistent with “constructivist” principles, which include:
(2) interaction with the environment, (2) stimulation using
cognitive conflict, and (3) support of negotiation and rec-
ognition of different learning styles. There is some evi-
dence that this strategy alows students to better transfer
learned concepts to new problems. Problem-based learn-
ing can beintegrated into existing coursesor clinical practi-
cums, or problem-based learning can be the foundation for
developing an overall curriculum. Strategies such as re-
search projects promote interaction between the school
and clinical sites, which can assist students in the transi-
tion from student to clinician as well as enhance continu-
ing education of clinical faculty.

Thereissome evidencethat problem-based |earning may
have advantages over traditional, content-based education,
in both general undergraduate and medical education.12-15
However, studying the effectiveness of an education strat-
egy is complex, and there are few high-level, randomized
controlled studies of the relationship between education
strategy and student outcomes such as knowledge, atti-
tude, and performance.1617 It is difficult to separate edu-
cational variableswhen analyzing other non-problem-based
learning strategies. Approaches that offer more interaction
may receive high marks in participant evaluations, but
those approaches may only be more satisfying (than tradi-
tional formats) to participants; they do not necessarily im-
prove learning outcomes.

Conducting research and teaching research skills has
long been an established goal for graduate and medical
schools.1819 Now teaching research skillsisincreasingly a
part of undergraduate programs. Teaching students to crit-
ically review research evidence, appraise the process and
methods, participate in scientific studies, and put the re-
search findings in clinical context connects classroom to
practice. Teaching strategies should foster the develop-
ment of curiosity, healthy skepticism, awareness, reflec-
tion, analysis, honesty, and the skill of fair argumentation.
Clinicians are increasingly being asked to be intelligent
consumers of research. A libera arts background is valu-
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Table 2. Student Research Skills

Perform searches for medical literature

Review literature related to a specific problem or area of respiratory
care practice

Determine a research hypothesis and reformulate questions with
appropriate outcomes that relate to clinical practice

Appraise research methods as to their being appropriate to answer
hypotheses

Conduct “project management” in outlining the research plan

Collaborate with a group in delegating project work activities

Conduct a pilot study

Select statistical tests

Write a proposal to the institutional review board or other authority

Collect data and prepare a research database

Manipulate data with statistical methods appropriate for the research
approach

Review results and synthesize information to determine research
question

Prepare an abstract for presentation or a written report for submission

able. Access to and a command of the medical literature,
and a desire to continue to read critically are of key im-
portance. Schools should use education strategies that de-
velop laboratory research skills, with simulated patient
management problems and clinical practicums. Table 2
lists key student research skills. Both respiratory care and
nursing education programshavesuccessfully usedresearch
as a teaching strategy. Physician and respiratory care fac-
ulty are important role models, mentors, and facilita-
tors.20-23

Several years ago, our respiratory care program rede-
signed a seminar course on scientific method, research
design, and statistics, which we offer to second-year stu-
dents in our associate degree program. The goals were to
enable students to present a case study, to critically review
professional literature, to understand research designs and
basic statistics, and to conduct a class research project. We
considered one measure of success the acceptance of an
abstract to the Open Forum at the International Respiratory
Congressof the American Associationfor Respiratory Care.

The literature review was conducted in a journal club
format, and the didactic components of the course werein
a problem-based-learning format instead of lectures. After
the case study series, journal articles were selected that
demonstrated the various levels of evidence in peer-re-
viewed professional journals, including a bench test, eval-
uation of a new device (procedure or drug) in a multi-
center, randomized clinical trial, and a meta-analysis.
During the seminar’s journa club discussions, students
were asked to identify the null hypothesis and diagram the
study design. Faculty reviewed statistics as necessary. Stu-
dents were furnished with a textbook on research, and
other resourcebookswerekept onreserveinthelibrary.24-27
We allowed time at the end of the seminar for the group to
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discusstheir group project. In each class there were always
at least afew studentswho seemed to stimulate the group’s
thinking. Most often they reflected on equipment and pro-
cedures they had seen during clinical practicums. Prob-
lems identified in journal articles also seemed to plant
seeds for potential projects.

Many of our students have shown a knack for finding
unanswered questions in respiratory care. The faculty
helped them select research that was logistically feasible
and could be conducted within the final 7 weeks of the
course. After a topic was chosen and an initial literature
search was conducted, project management was initiated.
The class was divided into work groups, timelines were
set, and resources were located. Every student participated
in the scientific method, including hypothesis generation
and study design. The medical director helped with the
research protocol and coached students through tasks of
data collection and analysis. The entire group wasinvolved
in the process of writing and editing the abstract.

For each class the “buy-in” was a key component, after
which the process became a “labor of love.” It was their
project—not the faculty’s. It was an active and interactive
learning process that promoted critical thinking, curiosity,
healthy skepticism, awareness, honesty, and the skill of
fair argumentation.2829 |t also promoted the skills of team-
work, and all the participants came to realize and respect
the tremendous amount of work involved in performing
high-quality research. At the graduation ceremony each
participant proudly received a copy of the final abstract
with thediplomaand certificate of completion. Since adopt-
ing this strategy, these seminars have had 8 consecutive
accepted Open Forum abstracts.

Our program has been challenged to include a growing
list of desired graduate objectives within the constraints of
a 2-year associate degree format. After confirming that our
goals and expectations were consistent with local and re-
gional managers, we began expanding our curriculum to a
baccal aureate degree format. The above-mentioned semi-
nar course will be offered to third-year students. However,
the new 4-year curriculum includes a formal course in
research design and statistics, independent research, and
contributing to professional journals. We expect 4th-year
students to conduct individual research projects, with sup-
port from faculty and clinical mentors. We believe that
research-oriented learning is congruent with the profes-
sional demands graduates will encounter in their careers
and that it will therefore improve their career success and
job satisfaction, and improve patient care.3°

Resear ch-Oriented Curricula in Clinical Departments
Within their departments and institutions, medical di-

rectors, managers, and clinicians can help promote a pos-
itive attitude toward outcomes research, evidence-based
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Table 3.  Categories of Research

Research That Focuses on Science, Diseases, Equipment, or
Procedures
Basic research
Applied research
Clinical investigation
Clinical trias
Research on accuracy of diagnostics or efficacy of therapeutics
Evaluation of new equipment
Education research
Outcomes Research and Evidence-Based Research
Clinica
Economic
Humanistic
Internal or External Benchmarking

(Adapted from Reference 27.)

medicine, and continuous quality improvement. Managers
of respiratory care departments that affiliate with schools
can provide key input to advisory committees. The will-
ingness to affiliate with respiratory care education pro-
grams and support student research projects demonstrates
apositive attitude to both existing staff and future employ-
ees. This sends a powerful positive message that intellec-
tual curiosity, scientific methodology, and an evidence-
based approach are valued.

Table 3 lists mgjor categories of research that can be con-
Sidered for review by respiratory care departments. Managers
are charged with providing cost-effective care based on state-
of-the art science, with qualified personnel, and with asystem
for continuous quality improvement. Research to monitor the
department’s efforts to provide high-quality care, to assess
available resources, and to detect and correct deficiencies
should be part of an organized departmental administrative
framework. This organized process is mandated by the Joint
Commission on Accreditation of Health Care Organizations.
The scientific approach is continuoudly applied in a cyclic
pattern to clinical work, as steps in planning goals or objec-
tives, implementing projects, assessing problems, and acting
to improve results.

There should be both an institutional and a departmental
strategy for research for quality improvement. Academic
medical institutions have institutional review boards that
consider, approve/disapprove, and oversee research to en-
sure that it is ethical, properly conducted, and that the
research’s benefits outweigh its risks. There should be a
similar research infrastructure in non-academic and com-
munity hospital settings. The United States Department of
Health and Human Services oversees regulation of feder-
ally funded research. Institutional review boards include
clinicians, managers, administrators, and legal staff.

Respiratory care departments should be involved in the
research infrastructure. Obtaining approval for a research
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Table 4. Template for Reviewing a Research-Article in a

Journal Club

Identify and critique the study’s:

Purpose or objective

Hypothesis and research question

Background/review of previous reports on the subject (were
previous reports reliable and valid?)

Study design

Methods: sample size, data collection process, statistical tests, data
analysis

Findings

Application and implications, including implications for future
research

project often depends on the support of a physician and/or
medical director of respiratory care. Clinical research must
be pre-approved by the institutional review board. Some
institutional review boardsrequire notification prior to pub-
lication of non-research such as case reports.

Other components of the research infrastructure include
technical support staff, clinical investigators, full-time sci-
entists, statisticians, departmental libraries, computers and
software, and funding for travel, education, and/or presen-
tation of research.

Most ingtitutional review boards do not require approval
for bench testing or bedside evaluation of FDA-approved
new egui pment, because such equipment assessmentsare con-
Sidered tests of a manufacturer’s claims about a product, the
effectiveness of the product, or of clinical acceptance by staff
therapists. Such researchisusually viewed asinterna “bench-
marking.” Someingtitutional review boardsappreciate or even
require being notified if a researcher plans to publish his or
her results outside of the institution.

Managers of respiratory care departments should con-
sider allocating research fundsfor human resources, travel,
equipment, and space. To foster research, department man-
agers can begin with approaches that foster understanding
of the scientific method, evidence-based medicine, profes-
sional medical literature, and research methods, including
statistics. One good strategy for that is a journal club, in
which the participants learn how to critically appraise sci-
entific reports, maintain their expertise, and update and
advancetheir professional knowledgetoimprovetheir prac-
tice. In 1875, at McGill University, Sir William Osler may
have been the first to use the journal club approach, and it
has been widely used since then with medical students,
residents, and fellows, as well as in training nurses and
respiratory therapists.21.31-40

The journal club is an active learning strategy that con-
tinually allows practice of skills and is usualy supervised
by an expert. The focus is on question development and
critical appraisal of research. Table 4 shows atemplate for
ajournal club review of research. Table 5 lists questions
the individual should ask while reading a scientific report.
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Table 5. Checklist for Reading a Medical Research Report

Journal

Why are you looking at this journal?

Is it reputable?

Is it peer-reviewed?

Article
Why are you looking at this article?
Title

Does this topic apply to your current or likely future clinical
practice?

Does it make you want to read further?

Authors
Where are the authors from?
Do you know of them?
What are their credentials?
Funding

Who funded the research?

Could there be a conflict of interest?
Abstract

The abstract is a “mini paper.” Is it well written?

They are giving you their “best shot”: How did they do?

What are the null and alternative hypotheses?

Introduction/Background Section

This should be a “mini-textbook” update on the subject. Does it

give enough information?
Methods Section

This describes what the researchers did (what's taking place “under
the hood”)

Doesit “fly” or not?

Make a “thumbnail sketch” of the methods. Did the researchers
describe the study as: double-blind? randomized? controlled?
cohort?

What/who are the subjects/study group? What inclusion and
exclusion criteria were used?

Was there informed consent and/or animal care precautions?

What were the interventions?

Were statistics properly used? (eg, t test, analysis of variance, chi-
sguare, regression analysis, multivariate analysis)

Was the study biased?

Results Section

Study the tables and figures. Concentrate on the statistically
significant differences and findings.

Are the statistically significant differences also clinically important?

Do the authors give enough reason to reject the null hypothesis:
Was a power analysis performed before the study was started?

Discussion Section

Do the authors explain how their results advance our understanding

of a medical question, problem, or issue?

A research mentor™ plays akey role in helping the nov-
ice learn the research process and in guiding the research
to publication. A good mentor provides assistance with

* The word “mentor” comes from the ancient Greek story of Odysseus.
While Odysseus was away on his 10-year journey, his friend Mentor
taught, advised, and protected Odysseus's son, Telemachus.
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each phase of the research process, including helping the
student: to select and acquire appropriate equipment and
technical resources, to apply for funding, to obtain insti-
tutional review board approval, to work with a research
team, and to make decisions during the research. A mentor
can offer feedback, provide moral support, exhibit enthu-
siasm, and foster a positive work relationship with the
protégé.*t Nonphysician researchers who are involved in
clinical trial research, case management of protocol par-
ticipants, grant and budget devel opment, and/or report prep-
aration can become certified as research professionals. The
Society of Clinica Research Associates is a national or-
ganization and information clearinghouse that promotes
training in research and offers certification.#2 Institutions
that do not have research mentors can invite mentors from
other ingtitutions to lecture and conduct workshops on
research, and the relationships thus established can be con-
tinued through fellowships, internships, or periodic con-
tacts at the mentor’s institution.

The American Association for Respiratory Care sup-
ports the professional development of beginning research-
ers by way of the Oren Forum, at which abstracts and
posters are presented. Some state societies also support
poster presentations at their annual or quarterly meetings.

Summary

We urge educators and clinic managers to support and
encourage students and clinicians to acquire the skills of
scientific investigation, especially critical thinking, by cre-
ating an environment that supports scientific methodol ogy,
openness, curiosity, and examination of existing and pro-
posed clinical practices. A commitment to teaching re-
search methods and evidence-based medicine is the foun-
dation for the continued growth and improvement of the
respiratory care profession.
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