
LEARNING OBJECTIVES

By the end of this chapter, you will be able to: 

• Discuss why methods are important for research in general and
for epidemiology specifically.

• Give examples of daily life activities that utilize a method.

• Articulate at least one method used in the field of epidemiology.

WHY METHODS MATTER
People have a natural tendency to look first to the “facts.” In
public health, those are often statistics: How many individuals
have tuberculosis in the region? How many individuals acquire
HIV annually? Answers to these questions provide immedi-
ate, necessary, and useful information. For many, this may be
enough. For others, this may be only the beginning. How this
information is ascertained relates directly to what the facts are.
All numbers, all statistics, are extensions of the methods that
collected them. To understand the underlying method is to go
deeper, to understand how the statistics are right—and how
they are wrong. For those interested in participating in a field
that uses epidemiology—and that includes virtually every pub-
lic health discipline—it is essential to be aware of the under-
lying methods and understand them. Not only does this
enhance one’s ability to use the statistics while implementing
or analyzing studies, but also designs studies capable of yield-
ing correct facts with an appropriate and valid interpretation.

To some, the word methods represents an abstraction not
grounded in day-to-day life. It may seem that to discuss meth-
ods is to overlook tangible reality in favor of a philosophical in-

quiry. But we all use methods in our day-to-day lives. Nearly
every activity humans perform has some natural, organic pro-
gression implicit in it, demanding a systematic approach. For
example, think about getting dressed each morning: What is
your method? Do you proceed from outerwear to under-
clothes—or the reverse? The implications of the latter (e.g.,
coat first) could be quite dramatic: The end result of this
method is starkly different than the usual, orderly method in
which one proceeds. Think, too, of cooking, an activity one
does routinely and that demands order in following the recipe.
In a recipe, the methods are documented and clearly laid out.
In most instances, informed or minor deviations to the recipe
result in a similar product. However, in other instances, and
under certain conditions, even the most minor of deviations
can result in disaster. Imagine, for example, a cake without the
requisite leavening or eggs. Though mundane perhaps, each
of these activities contains a method. A specific ordered set of
steps was enacted to get you from point A (no clothes, no food)
to point B (clothed, fed). This set of steps is systematic and re-
peatable, and designed to do or create something. The recipe
is documented, making it possible to repeat again and again
with precision. With our studies, we will see protocols that are
developed in this same model. Protocols allow us to systemat-
ically conduct studies that are clearly and precisely conducted,
and may be repeated with different participants, at different lo-
cations, and at different times.

Methods are also used in science. Many are already famil-
iar with the demanding methods entailed in hard sciences such
as chemistry—a lab notebook, an explicit set of instructions
with which to conduct an experiment, and documentation of
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each and every step along the way. In order to conduct an ex-
periment, exactitude in documentation of the steps is essential.
How much of the buffer was titrated? What was the specific
and quantified result of the experiment? Precision in the sys-
tem of action, and the documentation, is what makes the ex-
periment possible, interpretable, and repeatable.

In epidemiology, methods are no different. We use our
methodological toolkit to answer questions. We document our
methods such that they are repeatable and testable, and so that
we can assess and measure deviations in the methods them-
selves as well as the subject under study. How data are collected
has a profound effect on the ultimate results. Methods matter.
Looking at results or facts in a vacuum makes it nearly difficult
to truly understand the phenomena under study. It makes it
impossible to design or implement valid studies, work on them
in the field, correctly interpret the findings, or translate the
findings into public health recommendations.

The next chapters will provide instruction in epidemio-
logic methods as applied to infectious disease. The purpose of
this chapter is to start you on your path to viewing infectious
disease content material through an epidemiologic methods
lens: looking at data, information, statistics, qualitative con-
texts, and considering the role of the methods in them. Once
this foundation is established, it becomes easier to understand
infectious diseases in the context of epidemiological methods.
This allows you to move beyond the “facts” regarding a specific
disease and gain an understanding of what the disease is, what
independent variables (risk factors) are associated with it, what
confounders (characteristics that are noncausally associated
with the disease) may exist, and how the disease can be pre-
vented or treated. Whether new, emerging, or re-emerging
pathogens, understanding how to study them (or how others
study them) makes all the difference in understanding what
public health interventions are needed.

MEASURING OUTCOMES
In this section, we will look at several examples that describe
how to dig deeper into methods. This will lay a foundation for
the next chapters, which detail specific tools in infectious dis-
ease epidemiology.

Everyday, most of us are exposed to some amount of media
regarding medications, either over-the-counter or prescription.
This might be at our own healthcare provider’s office, through
reading a magazine, seeing a commercial, or using a brand name
over-the-counter drug from the pharmacy. Generally, in order
to be unleashed onto the shelves, newer medications have under-
gone a rigorous examination through clinical trials: studies that
systematically review the safety and efficacy of the medication
in humans. One level of methods is readily apparent here: the

Why Study Methods?

epidemiologic methodology required to develop, implement,
analyze, and interpret the clinical trial. (This, in fact, is a com-
plete field unto itself, with researchers from clinical medicine,
nursing, epidemiology, and biostatistics working to assess drugs
and their safety, efficacy, and effectiveness.) 

Let us now consider how the information was collected to
establish the safety and efficacy of the medication you are hear-
ing about or taking. Imagine you are a participant in a clinical
trial of a new medication to treat bacterial sinusitis (a common
bacterial infection in which the sinus passages are colonized by
bacteria, often following a cold or upper respiratory infection).

The study is a randomized controlled clinical trial. (This
means that you have been randomly assigned, like flipping a
coin, to receive a new treatment to be compared to another
treatment. The groups being compared might be a new treat-
ment compared to the current standard of care, as in the ex-
ample.) You have been prescribed two tablets to be taken twice
daily—one active medication, one placebo—and neither you
nor your physician knows which is which (this is a double-
blind, placebo-controlled trial). You return to the clinic for a
follow-up study visit. The research nurse inquires about your
adherence to study treatment; she might use a specially de-
signed instrument to systematically inquire about your adher-
ence behavior (Figure 2-1). “Did you take all of your study
medication since the last study visit?” she kindly inquires. As
it happens, you were feeling better in the last day and, though
you know you should not have done it, you did not take the
whole dose yesterday morning—just one of the two pills you
were supposed to. Worse, you do not recall which pill you did
not take, the one in Bottle A or the one in Bottle B. How many
of us do not disclose the truth when asked this question? There
are powerful influences, both conscious and subconscious, that
can cause one to be less than truthful: these can include not re-
membering, fear of appearing socially undesirable, and con-
cern about being dismissed from the study.

Consider, too, something as basic as the way in which the
question was asked: Did the nurse say, “Did you miss any of
your doses?” or “Did you miss your last dose?” or “Did you
miss any doses today?” or “Many people occasionally miss their
study medicine; did you miss any of your doses since your last
study visit?” Or perhaps any number of other variations. How
the nurse asks the question will be associated with how you
respond to the question. Her attitude and affect as she asks the
question—her tone, inflection, and body language—will influ-
ence how you respond. The method of inquiry by which this
datapoint was collected becomes important with respect to
the data themselves that yield the results of this study. In ad-
dition, the method can also affect your subsequent behavior.
If the socially desirable but inaccurate response is uttered, it
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ACTG Adherence Baseline Questionnaire

Date: _________________________

Patient ID: _____________________                            How Administered?                  1              2              3

Self   Interviewer  Both

The answers you give on this form will be used to plan ways to help other people who must take pills on 
a different schedule. Please do the best you can to answer all the questions. If you do not wish to answer 
a question, please draw a line through it. If you do not know how to answer a question, ask your study nurse 
to help. Thank you for helping in this important study.

INSTRUCTIONS: Please answer the following questions by placing a circle around the appropriate 
number response.

A. How sure are you that:
 (Please circle a response for each question.)
  Not at Somewhat Very Extremely
  All Sure Sure Sure Sure

1. You will be able to take all or most of 0 1 2 3
 the study medication as directed?
2. The medication will have a positive 0 1 2 3
 effect on your health?
3. If you do not take this medication 0 1 2 3
 exactly as instructed, the HIV in your
 body will become resistant to HIV
 medications.

B. The following questions ask about your social support.
 (Please circle one response for each question.)
  Very Somewhat Somewhat Very
  Dissatisfied Dissatisfied Satisfied Satisfied

1. In general, how satisfied are you with 0 1 2 3
 the overall support you get from your
 friends and family members?

  Not At All A Little Somewhat A Lot Not Applicable

2. To what extent do your friends or 0 1 2 3 4
 family members help you remember
 to take your medication?
 

FIGURE 2-1 Example of an Instrument to Capture Baseline Adherence Information; the ACTG Adherence Baseline
Questionnaire

Several questions used at the beginning of a study to evaluate patient characteristics (beliefs, social support) that may be associated with medication
adherence.
Source: AIDS Clinical Trials Unit/Division of AIDS/National Institutes of Health (ACTG/NIAID).

may be that you would no longer wish to participate in the
study, perhaps out of embarrassment. Or perhaps you remain
in the study, but in the future do not feel comfortable telling
her the truth about your adherence behavior.

Although the type of analysis usually used in a random-
ized controlled trial (called intention to treat analysis) allows
to be generated an estimate of the how well the drug works,
attrition from the study can create enormous barriers to
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Bacterial Sinusitis (RCT)

Acute bacterial sinusitis is one of the most common ail-
ments for which people seeking care are prescribed antibi-
otics. If you have ever had this infection and inflammation
of the sinuses, you are well aware that it can be excruciat-
ingly painful and can drive one to the doctor. Like a terri-
ble sequel to another illness, it often comes right on the
heels of an upper respiratory infection. Some of the bacte-
ria responsible for acute bacterial sinusitis include
Haemophilus influenzae, Moraxella catarrhalis, Streptococcus
pneumoniae (Figure 2-2), Staphylococcus aureus, and
Streptococcus pyogenes (Figure 2-3). Improved treatment
modalities for acute bacterial sinusitis are needed.1–3

Azithromycin is a commonly used antibiotic, recently for-
mulated to be able to be administered in a single-dose reg-
imen. One team of investigators conducted a multi-centered
(meaning more than one clinic location was used), random-
ized (meaning that the participants were assigned by chance
to the treatment condition), double-blinded (meaning that
neither the patient nor the providers knew which treatment
arm each patient was on) clinical trial. How did they do this?
This is a very common clinical trial structure. Consenting
adults were randomly assigned (also known as randomized,
like flipping a coin) to receive either the treatment under in-
vestigation or the standard of care. The new treatment, the
one under investigation, is the 2.0 g single dose of
azithromycin microspheres; the standard of care is 500 mg
once a day of oral levofloxacin, another antibiotic.
Participants were randomized to receive either the single
dose of the azithromycin microspheres plus a placebo of oral
levofloxacin (investigational arm) for 10 days or a placebo for
the 2.0-g dose and active oral levofloxacin for 10 days (stan-
dard of care arm). Participants were followed to day 17–24
to see if they had a clinical response to the medication—
either cure (resolution of signs and symptoms or clinical im-
provement such that no further medications were required)
or failure (clinical state that was worsened and required new
or additional antibiotics). The investigators concluded that
the new formulation of azithromycin as a single dose was
safe and effective for the treatment of acute bacterial sinusi-
tis. However, in the editorial commentary directly following
the article,4 a question was raised regarding the selected
study design and the concern that the decision about the
outcome of interest (test of cure at 17–24 days post dosing)

FIGURE 2-3 Streptococcus pyogenes

Source: CDC/Dr. Mike Miller, 1979. Public Health Image Library.
Accessed at: www.cdc.gov/phil.

FIGURE 2-2 Streptococcus pneumoniae

Source: CDC/Dr. Mike Miller, 1978. Public Health Image Library.
Accessed at: www.cdc.gov/phil.
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analyzing and interpreting the data in an accurate, comprehen-
sive, and informative fashion. And clearly, false information cre-
ates barriers as well. Note how the methods of asking a clearly
critical question about adherence can alter the study as a whole
on several different levels. The amount of drug taken, your feel-
ings about the study, your decisions to stay in the study or fully
disclose your actual behavior may be impacted by a seemingly
simple method: how one question was asked. All of this affects
whether we end up believing the drug is effective—or not.

Had you stopped taking the drug or stopped participating
altogether, or if the drug was found effective over the placebo,
later analyses would attempt to evaluate patient adherence to
medications and the action of the drug. But had you silently
decided not to disclose your non-adherence, detecting this
through any statistical or other analytic methods would be next
to impossible. Thus, the method interacts with not only the
data, but also the behavior of participants and with other ele-

ments of the study, potentially introducing bias (systematic dif-
ferences that affect estimates under the study) into the study
and, ultimately, into the conclusions.

Imagine now that you stay home from school due to your si-
nusitis. Mid-day, you receive a telephone call from a survey re-
search firm. You have been randomly (through chance) selected
to participate in a case-control study exploring the association
between condom use with sex and human papilloma virus (HPV),
thought to be the etiologic agent in development of cervical can-
cer.2 Briefly, case-control studies compare people with and with-
out the disease of interest (HPV) with respect to exposure
(condom use). In case-control studies, cases are identified along
with suitable controls, and antecedent exposures (those that hap-
pened before the disease) are assessed among participants in both
groups. The two groups are then compared. This allows estima-
tion of the relationship between the exposure and the disease and
is especially useful in cases of rare (or relatively rare) diseases.

Measuring Outcomes 15

may not be the best way to assess the medication. Many people spontaneously resolve their sinusitis by 10 days, and beyond that,
even more are likely improve after the window assessed in this study. In addition, there was no objective operationalization of im-
provement, which can present a problem. Even a clinical trial that follows appropriate recommendations for study design as did this
one can be improved. Learning how to understand study designs and see their strengths and limitations is an important skill. 

FIGURE 2-4 Processing specimens in the lab is an important part of many epi-
demiologic studies, including clinical trials.

Source: CDC/Dr. Maryann I. Daneshar, 2005. Public Health Image Library. Accessed at: www.cdc.gov/phil.

Bacterial Sinusitis (RCT)—continued
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You are asked several screening questions and it is deter-
mined that you are eligible to participate as a population-based
control, because you had a Pap smear in the last 3 months and
have never been diagnosed with cervical dysplasia (abnormal
cervical cells that may progress to cancer). You respond to a 15-
minute survey with questions about your demographics, rou-
tine screening, and clinical and sexual behavioral characteristics,
and overall health and health utilization behavior.

What makes you different from a woman who would not be
selected as a control for this study? One salient difference be-
tween you and someone else is that you were sick and home from

Why Study Methods?

your usual activities at the time the interviewer called. Individuals
at work or school are in general healthier than those at home
during the daytime. Other differences between you and someone
not selected include: you have access to a phone, understand the
questions, speak the language of the interviewer, and are willing
to participate. Whatever the ultimate findings of the study, one
must take into account the fact that the controls who are selected
can differ substantially from those who could have been selected
but were not. Methods matter. If we do not consider differences
between those who enrolled in the study and those who were
not, our internal validity—how accurately our study is evaluat-

16

TABLE 2-1 How Asking a Question Matters

There are many different ways of asking about adherence to a medication, in our case, an antibiotic. Some are provided in the

following table. Imagine if you are being asked this question, how the inflection of the interviewer’s tone, or whether others are listen-

ing in on your interview, or how you feel may influence your response. Examples of considerations are given in the righthand column;

more exist of course, so when you are working with adherence survey data, be sure to consider how the method of inquiry may impact

the data you collect. When possible, collecting a biomarker (such as a blood level of the drug in question) is a great addition to the

study. In addition to being an ideal outcome on its own, even if there are not sufficient resources to measure levels on all clients, it can

be used to validate data obtained through interview.

Types of adherence questions Examples of methodological considerations

Did you take your last dose of the medicine?

When was the last time you missed taking any of your

medications?

How much of your medication did you take in the last week

[100%, 75%, 50%, 25% 0%]?

How much of your medication did you miss in the last week

[100%, 75%, 50%, 25% 0%]?

Did you have any trouble taking your medication?

Did you take your medication as directed?

Which medicine? Does this refer to the doses that were pre-

scribed, or the doses that the person wanted or intended to take? 

This might yield a non-specific response, such as, “the other day”

or “not lately” unless carefully constructed close-ended responses

are provided. (If this is a qualitative study, however, this may be

modified to be a more appropriate open-ended question.)

How does the respondent decide how doses correspond to per-

centages? What if there is more than one medication type?

As above. In addition, it may be easier for some to think about

how many doses were missed rather than how many were taken.

Some respondents may be more comfortable disclosing the

number of doses they took opposed to number missed, despite

its being more difficult to recall and/or calculate.

This may be difficult to elicit truthful information, particularly if

the person doing the interview is also the provider. In the event

that there are barriers to adherence, it can sometimes be hard to

tell one’s own provider—even if they can articulate their con-

cerns, which may also be difficult.

Does this mean on time? Right amount? Right time of

day/night? With regard to food or rest? It is important for the

question to be clear about exactly what it is asking.
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ing this exposure/outcome relationship—may be limited. In ad-
dition, later applying (generalizing) our findings to a larger pop-
ulation may be difficult. This is another way methods come into
play, and thinking about them becomes important. Things are
not always as they seem: sometimes thinking about methods in
infectious disease is a little bit like being a detective, ensuring
that things are interpreted correctly starting with how the study
was conducted. If you ignore the differences between cases and
controls, and look only to the information on the surface, you
might just draw the wrong conclusions: it could seem as if peo-
ple who are at home are more likely to be ill and have the expo-
sures of interest. This could be because those at home are sicker
to begin with and thus more likely to have cervical dysplasia,
HPV, and poor condom use—and have nothing to do with the
research question in mind; this then prohibits drawing any con-
clusions about the relationship between condom use and dyspla-
sia, as the investigators were hoping to do. Table 2-2 displays
hypothetical differences between cases, controls, and persons
not selected for the study.

Now that we are about to move on to the core set of meth-
ods used in infectious disease epidemiology, keep in mind that
while we are seeking information, we also need to know how
that information is collected. Always consider how the data

were gathered, the protocol for the study, who collected the
information, how the questions were asked, who was included
in the study and how they were selected, and which datapoints
were analyzed. Later on we will discuss specific biases and how
to assess them, but for now, when you learn about the epi-
demiologic toolkit, always think to the core of the question:
How was what we collected affected by how we collected it? 

Methods have an enormous impact on the data we can
collect and how we will answer our research questions.
Innovating and implementing creative methods to ascertain
information about the outcomes under study with truth valid-
ity is a key methodological issue. How do we get to the truth?
Without validity in our research designs or in the field, it is very
difficult to correctly describe what is going on or accurately
portray cases of diseases. Sometimes direct observation of be-
havior is not possible or not possible without distorting the be-
havior under study. This can be especially true with observation
of sexual behaviors, adherence, illicit drug use or other behav-
iors that are sensitive, and about which people can be reluctant
to share. Other times proxies are available, but still are less than
accurate or very difficult to conduct (e.g., collection of used
condoms). Developing a system, that can be a feasible and ac-
curate proxy for self-report of sensitive data, is essential.

Measuring Outcomes 17

TABLE 2-2 Differences Between Cases, Controls, and Nonparticipants

Hypothetical differences between cases, controls, and persons not selected in a case-control study of condom use, HPV, and cervical

cancer are shown. These differences may not be related to the exposure (condom use) or the outcome (HPV) at all—but may still

affect how we are able to investigate this relationship.
Cases Population-based controls Persons not selected as controls

Has insurance

Seeks gynecologic or STD-related care

Interested in and volunteers for research

study

Lives near research or clinical center

May have increased/or decreased risk

factors for HPV or cervical cancer

May have sought care and joined study

because she does not use condoms

Sick when called and asked to participate,

thus at home and not at school/work

Might wish to seek care, but not motivated

on own

Interested in and volunteers for research

study

Knows about research center but has never

been

May have increased/or decreased risk

factors for HPV or cervical cancer

May have joined study because she does

not use condoms

No phone

No insurance

Interested in research study but does not

have time to participate because of work

Does not live near research or clinical

center

May have increased/or decreased risk

factors for HPV or cervical cancer

May be afraid to join study because she

does not use condoms
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Discussion Questions

1. What are three things you do each day that require a
set method/order of events? List the steps to at least
one of these methods.

2. Imagine you are in a study comparing individuals
who go to college and those who do not with regard
to acquisition of syphilis. Hypothesize at least five
differences between these two categories of people,
and how each might be related to each of the out-
comes under the study.
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