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Few health care workers are directly involved in conducing resear ch, but all must be able to read
and under stand scientific reportsin medical journals. They must be familiar with the basic concepts
of research in order to practice as professionals. The most important skill is the ability to read and
critically evaluate published reports. Health care administrators rely on the results of studies to
help solve problems and make decisions about important subjects, such as cost containment, pro-
ductivity assessment, and continuous quality improvement. Educators must stay current with new
technology and its evidence base. Both administrators and educators must be familiar with basic
research concepts in order to be informed consumers of research information. Research attempts
to find answer s using the scientific method. Thisreport describes the stepsin the scientific method,
the overall plan for conducting scientific research, and some basic skills required to successfully
conduct research. Key words: research, respiratory care, publications, study protocol, institutional
review board, writing, research methodology, scientific method. [Respir Care 2004;49(10):1149-1156.
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Introduction

The chances that you, the reader, will become afamous
researcher may be slim. About 120,000 people are prac-
ticing respiratory therapy in the United States, and about
34,000 of those are members of the American Association
for Respiratory Care, but only about 500 of those were
involved with presenting research at the 49th International
Respiratory Congress in 2003. But every one of those
120,000 respiratory therapists needs to know how to read
and understand scientific reports in medical journals. The
same holds true for al health care workers. Even if you
never conduct a study, you must be familiar with the basic
concepts of research in order to practice as a professional
whose understanding grows from continuing education.

The 2 purposes of the special articles in this issue of
RespiraTORY CARE are to help you become an educated
consumer of medical research and to outline a course of
self-study if you want to perform research. If you do want
to perform research, the best thing you can do is find a
mentor—someone who has experience conducting scien-
tific studies and publishing the results. A mentor can help
you turn the ideas in these articles into practical realities.

Academic medicine has 3 basic missions. to heal, to
teach, and to discover. Scientific research is the thread
running through these 3 basic activities that gives them
coherence and meaning.

To Heal: Research and Patient Care

Health care professionals must acquire the knowledge
and skills needed to assess the usefulness of new equip-
ment, the effectiveness of patient care, and the adequacy
of availableteaching materials. The most important of these
skills is the ability to read and critically evaluate pub-
lished reports. Without that skill no meaningful evaluation
of current practices can be made and no research can be
planned.

Growing numbers of clinicians, educators, and admin-
istrators are conducting their own investigations and crit-
ically examining research doneby others. Health carework-
ers are usualy involved with the application of research
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results in the clinical setting. Within the research contin-
uum, however, there are almost infinite opportunities to
get involved in seeking the answersto questions relating to
the practice of health care.

Health Care Administration

Health care department managers and hospital admin-
istrators alike rely on the results of studies to help solve
problems and make decisions about important subjects,
such as cost containment, productivity assessment, and
continuous quality improvement. Evaluating the quality of
departmental programs and services is difficult. The Joint
Commission on Accreditation of Health Care Organiza-
tions demands that health care providers monitor quality
scientifically. The Commission defines quality assurance
as “amanner of demonstrating consistent endeavor to de-
liver optimal patient care with available resources and con-
sistent with achievable goals. The correction of deficien-
ciesisinherent to the process.” This correction process is
accomplished through the careful and rigid manipulation
of variablesand the measurement of effects; in other words,
using the scientific method. Only in this way can the phy-
sician, patient, patient’s family, hospital, and government
administrator be assured of the quality and cost-effective-
ness of health care services.

Evaluating New Equipment and Procedures

To meet the changing needs of health care, medical
equipment manufacturers introduce to the market new di-
agnostic and support instruments. Because of therelatively
short product life cycle in the market of technical equip-
ment, new products are introduced frequently. But new
does not necessarily mean better. At times the develop-
ment of new technology outpaces the need for that tech-
nology, and when that happens, product marketers have
not done their job in accurately assessing demand. Medical
professionals must then take the lead in assuring that they
arenot trying to invent waysto use new equipment. Rather,
new equipment should satisfy a well-established need. Al-
though manufacturers often engage in extensive testing
and market research, the final burden of proof as to a
product’s ultimate function and benefit falls to the end
users—our patients and us.

Ethics and Research

In the health care industry today we are confronted with
a multitude of laws, regulatory constraints, and standards
that govern the conduct of the industry and the individuas
who work in it. Conducting health care research demands
attention to a specia set of regulatory and ethical consid-
erations.
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Research involving human subjects invokes legal, eth-
ical, and sociologic concerns related to the safety and pro-
tection of the subject’s human rights. Research involving
animals reguires attention to several important concerns as
well. Regardless of the type of study subjects, those en-
gaged in medical research must be reminded that the im-
portance of their work should never overshadow but, rather,
complement society’s health care goals. Procedures must
strictly adhere to legal guidelines so that subjects are not
exploited. Innovative and controversial research must be
ethically conducted and honestly reported. The American
Association for Respiratory Care has a code of ethics (Ta-
ble 1) that all therapists must follow, whether they are
involved in research or not.2

The Institutional Review Board

When human beings participate in scientific research,
the researchers must take great care to ensure that the
participants’ rights are protected. Institutional review
boards (IRBs) consider proposed studies from various per-
spectives to ensure that no study violates patient rights.
The researcher cannot begin an investigation involving

Tablel. Code of Ethics and Professional Conduct for Respiratory

Therapists?

In the conduct of professional activities the Respiratory Therapist shall
be bound by the following ethical and professional principles.
Respiratory Therapists shall:

Demonstrate behavior that reflects integrity, supports objectivity,

and fosters trust in the profession and its professionals

Actively maintain and continually improve their professional

competence, and represent it accurately

Perform only those procedures or functions in which they are

individually competent and that are within the scope of accepted

and responsible practice

Respect and protect the legal and personal rights of patients they

care for, including the right to informed consent and refusal of

treatment

Divulge no confidential information regarding any patient or

family unless disclosure is required for responsible performance

of duty or required by law

Provide care without discrimination on any basis, with respect for

the rights and dignity of all individuals

Promote disease prevention and wellness

Refuse to participate in illegal or unethical acts, and refuse to

conced illegal, unethical, or incompetent acts of others

Follow sound scientific procedures and ethical principlesin

research

Comply with state and federal laws that govern and relate to their

practice

Avoid any form of conduct that creates a conflict of interest, and

follow the principles of ethical business behavior

Promote health care delivery through improvement of the access,

efficacy, and cost of patient care

Refrain from indiscriminate and unnecessary use of resources
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human subjects without formal approval from the IRB. An
IRB (also known as “institutional review committee,” “hu-
man subjects review committee,” “human investigation
committee,” or “research surveillance committee”) is any
committee, board, or other group formally designated by
an institution to review proposals for biomedical research
involving human or animal subjects. An IRB usualy in-
cludes administration, staff, and legal representatives from
the institution and the surrounding community, who en-
sure that proposed research is reviewed not only in terms
of scientific standards but in terms of community accep-
tance, relevant law, professiona standards, and institu-
tional regulations. The IRB meets regularly to review and
approve, request revisions to, or reject study proposals.

The IRB’s main functions are to protect the rights, well-
being, and privacy of individuals and to protect the inter-
ests of the institution. IRB procedures differ among insti-
tutions, soresearchersmust review theguidelinesapplicable
in their own institutions.

Consideration of risks, potential benefits, and informed
consent typically occupies the majority of the IRB’s time.
Before an IRB can approve a research protocol, the fol-
lowing conditions must be met:

1. Therisksto the research subject are so outweighed by
the potential benefits to the subject, and the importance of
the knowledge to be gained, as to warrant a decision to
alow the subject to accept those risks.

2. Legaly effective informed consent will be obtained
by adequate and appropriate methods.

3. The rights and welfare of all subjects will be ade-
quately protected.

The IRB may ask the investigator to modify the original
research plan to comply with Food and Drug Administration
and Department of Health and Human Services regulations
as well as ethica norms. However, the IRB is not a police
force. There is a presumption of trust that the approved re-
search protocol will indeed be consistently followed.

AnIRB applicationtypically includesthe componentslisted
in Table 2. First, a formal research protocol must be estab-
lished. This description of the study’s intended purpose and
procedures is then followed by information about the in-
tended subjects, including the sources of potential subjects,
the anticipated number of subjects required, a description of
the consent procedures, and a description of potentia risks
and benefits to both the subjects and society.

An integral part of the study protocol, and a necessary
component for IRB review, is the patient or subject con-
sent form. Indeed, most IRB comments about proposals
concern the wording of the consent form. Informed con-
sent is the voluntary permission given by a person, allow-
ing that person to be included in a research study after
being informed of the study’s purpose, treatment methods,
risks, and benefits.
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Table2. Typical Components of a Proposal to an Institutional

Review Board

1. A complete description of the study’s intended purpose and
procedures to be followed

2. A complete description of potential risks a research subject may
incur from participation in the study

3. A description of potential benefits, either direct or indirect, a
research subject may incur from participation in the study

4. A description of how data will be handled such that the research
subject’s identity remains anonymous

5. A statement that the subject may withdraw from the study at any
time without a prejudicial effect on his or her continuing clinical
care

6. The name and telephone number of the investigator, should any
guestions arise regarding the subject’s participation in the study

7. A copy of the complete informed consent form

. A list of available aternative procedures and therapies

9. A statement of the subject’s rights, if any, to treatment or
compensation in the event of a research-related injury

[ee]

To Teach: Research and Education

Medical colleges are responsible for graduating practi-
tioners who are knowledgeable and current in the practice
of their profession. Educators must stay up to date with
new ideas and technology that affect the diagnosis and
treatment of disease. Before a particular piece of equip-
ment or treatment modality is accepted for introduction to
the student, the instructor must first discern whether the
claims about its benefits rest on a solid scientific founda-
tion. Keeping abreast of new product developments re-
quires that instructors read and critically evaluate reports
and tests of function and reliability. A critical reading of
scientific journals provides the basis for their decisions
concerning classroom demonstrations, guides, and the
planning process. Educators may wish to conduct their
own investigations as well.

In order that health care practitioners keep informed of
recent developments in cardiopulmonary medicine, hospi-
tal department managers must establish and maintain con-
tinuing education programs. These in-service programs ex-
plore and provide a forum for new trends, ideas, and
developments as research is completed in various subjects.
Allied health professionals are taking an increasing role in
patient education and clinical practice. As they keep cur-
rent on data relating to, for example, the relationship of
cigarette smoking to heart disease or cancer, they can in-
crease the patient’s awareness of the appropriateness of
particular treatment modalities.

The results of research on health care practices serve to
reeducate practitioners and update department procedure
manuals. Thus, guidelines are developed to improve clin-
ical competence. This occurs as state-of-the-art data on
equipment, care modalities, diagnosis, and monitoring pro-
cedures are made available and their validity is tested.
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To Discover: The Scientific M ethod

Research attempts to find answers using the scientific
method. Science is ssimply “organized curiosity.” The sci-
entific method is the organizationa structure by which we
formulate questions and answers during experiments. The
key purpose of this organizational structure is to alow
experiments to be repeated and thus validated or refuted.
In this way we develop confidence in our findings. Con-
trary to popular belief, science does not attempt to prove
anything. Y ou can never prove the truth of an assumption,
simply because you can never test all the factors that could
possibly affect it. Scientific theories are never “true” in an
absolute sense: they are ssimply useful to various degrees
andtheir life spansareinversely proportional to the amount
of research done on them.

The scientific method is a series of sepsthat lead from ques-
tion to answer, and then usudly to more questions. Figure 1
illugtrates the scientific method in the form of an agorithm.

Formulate a Problem Statement

Research projects usually start out as a vague perception
of some problem or question. Thefirst step isto refinethis
vague notion into a concise statement or question, usually
only 1 or 2 sentences in length. Think in terms of (a) what
you see happening and (b) why it is important. For exam-
ple, if you find a coin lying on the ground your problem
statement might be “I need to identify this coin so | can
decide whether to pick it up.”

Generate a Hypothesis

The hypothesis is a short statement that describes your
supposition about a specific aspect of the research prob-
lem. The hypothesis is what you test with an experiment.
Nobody knows where hypotheses come from: forming one
is a creative act. All you can do is prepare yourself by
thoroughly studying all aspects of the problem so your
mind becomes a fertile ground for hypotheses to grow.
Continuing with our example, we might hypothesize that
“The coin is a penny.”

Define Rejection Criteria

The purpose of the experiment is to provide data, which
you will use to either reject the hypothesis as false or accept
it for the time being as a useful (but tentative) assumption.
The fact that we can never absolutely prove the truth of a
hypothesis leads us to focus on trying to prove it fase. We
prove a hypothesis is false by comparing the experimental
datato aset of criteriawe have established before the exper-
iment began. If the experimenta data do not meet the criteria,
we reject the hypothesis (hence the term “rejection criteria’).
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Study Problem

“What type of
coin is this?”
Experimental Units
sample coin
Hypothesis ‘
“It is a penny”
Experiment
Rejection Criteria color = silver
color, size size=24cm
Prediction
color = copper
size=1.9¢cm

Reformulate hypothesis and prediction

Conclusion
It may be a penny

T

Yes
Do not reject hypothesis

Test Hypothesis
Is the color copper?
Is the size 1.9 cm?

No
Reject hypothesis

Conclusion

Fig. 1. Algorithm illustrating the scientific method.

To define the rejection criteria we need to specify what we
should measure in the experiment. For example, we could
mesasure the coin's diameter and color.

Make a Prediction

Next we make a prediction based on our hypothesis that
specifies the rejection values. For example, we could say,
“If the coin is a penny, it will have a diameter of 1.9 cm
and a copper color.” The rejection criteria are thus: diam-
eter = 1.9 cm and color = copper.

Perform the Experiment

The rejection criteria determine the measurements re-
quired in the experiment. Much of experimental design is
based on statistical theory that is beyond the scope of this
article, but the basic ideais to determine (a) what variables
to measure, (b) how the measurements should be made,
and (c) what experimental units (subjects) will be used for
making measurements. In our simple example we have
only one experimental unit (the coin) and we need only a
ruler and our eyes for making the measurements.

Test the Hypothesis

It is the hypothesis, not the experimental subject, that
is being tested (despite that we say things like “The
patient was tested for cystic fibrosis.”). The hypothesis
is tested by comparing the experimental data to the
rejection criteria. In practice, this comparison is done
mathematically, using a statistical procedure appropri-
ate for the specific type of measurement data and hy-

RespiraTORY CARE © OcTOBER 2004 VoL 49 No 10

It is not a penny

pothesis. If the data contradict the prediction we made,
then the hypothesis is rejected. We then go back and
make another hypothesis and another prediction based
on the rejection criteria (we may even choose new cri-
teria). If the data agree with the prediction, the hypoth-
esisis accepted as possibly true, with the understanding
that data collected in the future may prove it false. For
example, suppose the diameter of the coinis 2.1 cm and
it is silver. Obviously, we would reject the hypothesis
that it was a penny. We would then create a new hy-
pothesis (perhaps that the coin was a dime) and a new
prediction (based on the diameter and color of a dime).

But suppose the diameter is indeed 1.9 cm and the
color is copper. Does that prove it is definitely a penny?
What if there is a foreign coin that has those character-
istics? There is no way to discriminate between the
foreign coin and a penny based on our simple rejection
criteria. So we simply acknowledge that we may be
wrong, but until we have further information we will
suppose the coin is a penny. This example shows that
we can do everything right in terms of following the
scientific method and still end up with a wrong conclu-
sion. It also shows how critical it is to select the right
rejection criteria and make accurate measurements. Y ou
can now appreciate how science usually produces more
questions than it answers.

Steps in Conducting Scientific Research

I will now expand on the scientific method to give an
overview of the entire process of conducting a research
project.
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Develop the Study Idea

The first step is to develop your ideas about the study
problem and the specific hypotheses. Ideas come from
everyday work experiences, talking with colleagues, and
reading professional journals. Y ou must also consider the
experiment’s feasibility. A great project that you do not
have the resources to finish is a waste of time.

Search the Literature

An important step in the research process is a thorough
search of the literature. By the literature search you deter-
mine what is already known about your subject and learn
about methods you might use for experiments.

Consult an Expert

Before you begin writing the plan for your project, dis-
cuss your ideas with someone who has experience with
research and statistics. Advice at this point can help you
refine the study question, identify appropriate experimen-
tal methods, and develop an implementation plan.

Design the Experiment

Three basic study designs are commonly used in respi-
ratory care: the case study, the device or method evalua-
tion, and the original clinical study.

The case study describes a particular patient care epi-
sode that has exceptional teaching value. There is usually
no need for statistical analysis in a case study, so the case
study is a good choice for the novice researcher.

A device or method evaluation has at least some de-
scriptive statistics and may involve hypothesis testing to
determine the efficacy of a treatment or compare the per-
formance of a new device/method that of an older device/
method. Device/method eval uations are more complicated
than case studies, but they are very popular among new
researchers, because they usually do not involve the com-
plications and expense of studies that involve patients.

A clinica study is the most advanced type of study; it
involves obtaining IRB permission, sophisticated statisti-
cal procedures, medical equipment, patient care, and var-
ious other complications. Clinical practiceis based on this
type of research. You should not attempt this type of re-
search until you have some experience and a good mentor.

Write the Protocol
A brief but detailed research protocol serves as a set of
instructions for investigators. It also serves to communi-

cate your plans to others, such as those from whom you
must obtain cooperation or permission to conduct the study.
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Obtain Permission

Before conducting a study you need permission from
your immediate supervisor and from any others who will
be affected (eg, physicians, nurses, staff, lab personnel). If
the study involves human or animal subjects, the research
protocol will have to be approved by the IRB. If your
study involves medical treatment of patients (or even
animals), you will probably have to get a physician to act
as principal investigator to obtain the IRB’s permission. In
addition, such studies require written consent from the
study subjects or their guardians. The decision to partici-
pate in a study must be voluntary and the subject must be
allowed to withdraw at any time without penalty.

Collect the Data

The best-laid plans often fall apart during implementation.
Often data collection requires more time than originaly an-
ticipated. Often the protocol must be revised as problems
occur. When planning for the study, make sure you consider
how datawill be collected, what forms will be used to record
the data, and who will be responsible for the data.

Analyze the Data

Once the data collection phase is compl eted, the data are
summarized in tables and graphs, using basic descriptive
statistics. The study design may require formal statistical
procedures to test the hypothesis. Finally, you must inter-
pret the findings and form your conclusions.

Publish the Findings

Thereisno point in doing all the work of a study if you
do not communicate your findings to your colleagues, and
you cannot effectively communicate them unless you write
areport. And, since you are going to write them anyway,
you might as well use a style recommended by one of the
medical journals. The report can be as simple as a 1-page
abstract for presentation at a national meeting, or as com-
prehensive as an original research article. If it is published,
it will be preserved as part of medical history in copies of
the journal worldwide.

Basic Skills Needed by Researchers

Although the respiratory care programs in some col-
leges give introductory classes in research, most of the
researchers | have met in the last 20 years have been
self-taught. With that in mind | would like to offer a brief
outline for self-study. Such a course of study has 3 main
components: familiarity with measurement devices, com-
puter skills, and statistics knowledge.
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Fortunately, your training as a respiratory therapist has
aready provided you with strong measurement skills. M ost
studies you might be involved with rely on measurements
of familiar variables such as pressure, volume, flow, and
gas concentration. One thing you may need to learn about
is the concept of measurement error and how it can be
minimized through proper calibration procedures.

It is hard to imagine anyone actually getting through the
publication stage of research without having used a com-
puter. These days, typing skills are assumed (ie, if you
don't know how to type, learn now). You aso need to
know how to use word processing software (eg, Microsoft
Word) and you must be proficient at basic technical writ-
ing. There are many books in the library that give basic
information about how to be a good writer,3-5 but | believe
the best way to learn is by working closely with a mentor
who has published scientific reports. Keep in mind the
cardinal rule of working with a mentor: Put your ego on
the shelf. You must be able to accept critical review of
your written words, not only in the preparatory stages but
also during professional peer review by the editorial board
of amedica journd.

Another key idea in writing (that is seldom mentioned in
textbooks) isthe necessity of maintaining alogical continuity
among the major sections of your report. These sections usu-
aly include the introduction, methods, results, discussion,
and conclusion. The hypothesis must be described in the
introduction because the hypothesis is the unifying principle
for the rest of the report. The hypothesis suggests the mea-
surements required for the study, which are described in the
methods section. All measurements described in the methods
section must be represented by summary data in the results
section. The data in the results section provide the basis for
the discussion and conclusions, which must refer back to the
initial hypothesis in the introduction. Manuscripts from nov-
ice researchers often fail peer review because they broke that
logical chain.

In addition to the ability to use word processing soft-
ware, | havefound it very useful to be familiar with spread-
sheet software (eg, Microsoft Excel). Spreadsheetsare very
useful for designing data-collection forms and for orga
nizing the data. Spreadsheets can also be used to calculate
basic (and even advanced) statistics and to produce tables
and graphs. Somebody hasto do thisand it is much quicker
and less expensive if you do it yourself. If you do alot of
research, you will want to use specialized statistical soft-
warefor dataanalysis. Such programsarevery user-friendly
and often have “wizards’ that help you decide on the
appropriate procedures to use with your data.

If you are going to be a scientist, you can’'t get around
the need for at least a basic knowledge of statistics. Such
knowledge is required, if only to communicate with a
statistical advisor. Statisticsis a broad and often very com-
plicated field, but the concepts and procedures you will
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Table 3. Basic Statistical Concepts Important for Doing Respiratory

Care Research

Variables (quantitative versus qualitative)
— Central tendency (mean, median, mode)
— Data variability (range, standard deviation)
— Measurement error, calibration procedures
— Sources of study bias
Population versus sample
Parameter versus statistic
Matched versus unmatched data
Descriptive versus inferential statistical procedures
Levels of measurement
— Nominal
— Ordina
— Continuous

Table4. Basic Statistical Procedures Common in Respiratory Care

Research

Descriptive Statistics
Tables
Graphs
Percentages
Sensitivity and specificity
Mean, median, range, and standard deviation
Inferential Statistics (Hypothesis Testing)
Procedures for Nominal Data
— Fisher’s exact test (2 groups, 2 outcomes)
— chi-square test (several groups and severa outcomes,
unmatched data)
— McNemar test (severa groups and several outcomes, matched
data)
Procedures for Ordinal Data (testing for differences between 2
groups of data)
— Mann-Whitney rank sum test (unmatched data)
— Wilcoxon signed rank test (matched data)
Procedures for Continuous Data
— Pearson correlation coefficient (for testing the strength of the
association between 2 variables)
— Linear regression (for predicting the value of one variable
based on the value of one or more other measured variables)
— t test (testing for differences between the mean values of 2
groups of data)
— Analysis of variance (ANOVA) (testing for differences among
the mean values of severa groups of data)

need for most respiratory care research are not that diffi-
cult. Table 3 shows the most important concepts. There are
only ahandful of statistical procedures that are common in
respiratory care research (Table 4). They are most conve-
niently grouped by the level of measurement represented
by the study data. The levels of measurement are nominal
(eg, male/female, lived/died), ordinal (eg, a pain scale or
an Apgar score), and continuous (eg, pressure, tempera-
ture, flow, duration). Another key concept in distinguish-
ing statistical proceduresisthat of matching. Matched data
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are closely related in some way, such as measurements on
twins, very similar subjects, or repeated measurements on
the same subject. Unmatched data are measurements from
unrelated subjects.

The American Association for Respiratory Care offersa
300-page, college-level textbook titled Handbook for Re-
spiratory Care Research,® which is avaluable resource for
those interested in studying the concepts | have mentioned
in this article and many of the concepts mentioned in the
other articlesin this issue of RespiraTORY CARE. American
Association for Respiratory Care members can download
the book (in PDF format) for free at the Resources page at
(http://lwww.aarc.org).
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