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บทคัดย่อ

หลายทศวรรษที่่�ผ่่านมาข้้อมููลขนาดใหญ่่เป็็นที่่�สนใจของนัักวิิชาการอย่่างกว้้างขวาง เพื่่�อใช้้
ในการขัับเคลื่่�อนเทคโนโลยีีทั้้�งเชิิงวิิทยาศาสตร์์และไม่่ใช่่วิิทยาศาสตร์์ สำหรัับการแพทย์์เวช
ปฏิิบััติินิิยมใช้้เป็็นข้้อมููลอ้้างอิิงประกอบการตััดสิินใจขั้้�นเบื้้�องต้้น อย่่างไรก็็ตามในทางปฏิิบััติิ 
รููปแบบการรัักษาโรคต้้องปรัับเปลี่่�ยนให้้เหมาะสมกัับผู้้�ป่่วยแต่่ละราย เนื่่�องจากมีีความ
เฉพาะตััวของภาวะโรค ความซัับซ้้อน และผลแทรกซ้้อนอื่่�น ๆ รวมถึึงปััจจััยส่่วนบุุคคล เช่่น 
เพศ วิิถีีชีีวิิต พัันธุุกรรม และการเข้้าถึึงบริิการรัักษา ซึ่่�งเป็็นตััวแปรสำคััญที่่�ต้้องพิิจารณา
ประกอบในการตััดสิินใจในเวชปฏิิบััติิ นอกจากนี้้�การผสมผสานองค์์ความรู้้�จากผลงานวิิจััย
ร่่วมกัับข้้อมููลสนัับสนุุนการรัักษาทางการแพทย์์เป็็นอีีกปััจจััยที่่�สำคััญ ที่่�จะนำไปสู่่�รัักษาแบบ
เฉพาะเจาะจง การแพทย์์แม่่นยำ การตััดสิินใจถึึงความเหมาะสมของรููปแบบการรัักษา ชนิิด
และปริิมาณยาที่่�ใช้้ แนวทางการติิดตามผลลััพธ์์ให้้บริิการ การรัักษาแบบทางเลืือก และหลััก
ฐานเชิิงวิิชาการ ดัังนั้้�นผู้้�เขีียนจึึงมีีวัตถุุประสงค์์เพื่่�อขยายความการตั้้�งคำถามวิิจััยท่ี่�ดีีด้้วย
แก่่นสำคััญในการออกแบบ 2 ข้้อ คืือ การมองหาสิ่่�งที่่�ขาดหายในองค์์ความรู้้�และการวิเิคราะห์์
คำถามแบบแยกส่่วน ซึ่่�งพบว่่าสามารถช่่วยผู้้�วิิจััยลดทอนข้้อมููลที่่�ไม่่จำเป็็น ใช้้ระยะเวลาใน
การทำวิจิัยัให้้เกิดิประโยชน์์สูงูสุดุ ช่่วยเชื่่�อมโยงข้้อสงสัยักับัหลักัฐานสนับัสนุนุทางการแพทย์์/ 
เวชปฏิิบััติิคลิินิิก/และแนวทางคลิินิิกแบบเฉพาะบุุคคลอย่่างเหมาะสม จากบทความนี้้�แสดง
ให้้เห็็นว่่า การได้้มาซึ่่�งคำถามวิิจััยที่่�ดีีมีีความจำเป็็นและเป็็นพื้้�นฐานการได้้มาซึ่่�งการกำหนด
เป้้าหมายการวิิจััยที่่�ชััดเจนและรููปแบบงานวิิจััยที่่�ประสบความสำเร็็จ
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ABSTRACT

In the era of big data, considerable attention has been focused on data-
driven technologies in both scientific and non-scientific communities 
over the past decade. In medicine, evidence-based medicine (EBM) is 
used as a well-accepted model to aid clinical decision-making. Although 
EBM has been appropriately applied in general, the specific characteris-
tics of each patient must be considered in clinical decision-making, due 
to the complexity and frequency of comorbid conditions in the manage-
ment of modern disease. Individual-level factors such as gender, life-
style, genetic differences, and accessibility of care are important considera-
tions for the actual implementation of EBM. In addition, incorporating 
state-of-the-art medical research into clinical management is increasingly 
vital as medical management moves forward into the era of precision 
medicine. Decisions regarding whom to treat, which medication to use, 
what outcomes to monitor and which alternatives to consider require 
not only common sense and clinical experience, but also research evidence. 
Therefore, we aim to elaborate a well-articulated research question by 
two crucial steps including an identified the gap in knowledge and the 
question components. It can help to eliminate extraneous information 
and minimize time spent in conducting research, bridging the gap between 
EBM, clinical practice guidelines (CPGs), and individualized clinical care. 
This review demonstrates that a precisely formulated research question 
is an essential foundation for articulating the ultimate goal and a successful 
research activity.
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Introduction
Recent development in biomedical sciences, 

including high-throughput technologies, are likely 
to prompt a new paradigm for understanding  
human health.  The concept of “big data” has 
triggered multiple national initiatives focused on 
developing precision care mechanisms for indi- 
vidual patients.  Patient care has also shifted  
conceptually from physician-centered to patient- 
centered approaches. The “one size fits all”  
approach to treatment may offer an imperfect  
solution for individuals.  According to the evidence- 
based care model, it is imperative that medical 
providers define specific clinical questions and 
select relevant evidence from high quality re-
search to answer a given clinical dilemma and 
provide appropriate individualized medical care. 
To conduct high quality research, one must start 
by asking a sound research question. 

To begin with, developing a good question is 
a vital yet challenging task a researcher faces 
when establishing a research project, in order to 
ascertain the truth in a defined situation. Yusuf 
and colleagues suggest criteria for sound re-
search.1 First, “ask an important question” and, 
second, “answer it reliably” according to this for-
mulation, research that generates unreliable and 
invalid answers is useless or, worse, misleading, 
regardless of the importance of the question it 
attempts to answer. However, research yielding 
reliable and valid answers may still not be useful 
to guide clinical practice if the driving question is 
not important. Therefore, the importance of the 
problem leading to the research to be undertaken 
must be regarded as a major determinant of a 
good research question.

In a clinical context, questions are formulated 
based on problems faced on a day-to-day basis 
in practice, and research-supported solutions 
are needed to address such challenges within a  
specific patient population. Such research ideas 
often begin broadly and ambiguously in nature.  
Iterative processes of refinement and modifica-
tion are required to achieve a specific and, ulti-
mately, researchable question. These iterative 
processes include literature reviews, gathering 
information from existing evidence, and discus-
sion with colleagues and experts, until saturation 
is achieved. 

Objectives
In this article, we elaborate crucial steps for 

developing both good and researchable ques-
tions. We employ a step-by-step case presenta-
tion to illustrate the discrete elements required 
to develop a concrete research question, defin-
ing a corresponding research method for each. 
The article introduces the Participants/Problem, 
Intervention, Control/Comparator, Outcome(s) 
and Time (PICO(T)) framework for outlining a re-
search question. Lastly, we describe and assess 
common categories of clinical research questions 
in the context of establishing a researchable project.

The primary key step: define the gap the 
question seeks to address

The principal step in creating a sound research 
question is defining a problem and/or gap in 
knowledge. Dr. Ernest M. Allen (Chief of the Division  
of Research Grants, National Institutes of Health,  
US Department of Health & Human Services) long  
ago demonstrated that 58% of declined propos-
als focused on a research problem deemed to 
be “not of sufficient importance” or “unlikely to 
produce any new or useful information”, and 30% 
used methodology that was inconsistent with 
the stated research objectives.2 

Many researchers still question an existing 
theory but are hesitant to conduct a replication 
study. However, given recent medical advances,  
repeating previously published studies can help to 
assure that results are reproducible and strengthen  
the evidence of a previously documented finding.3  
Alternatively, a replication study might address 
and rectify limitations of a previous study. Impor-
tantly, results may contribute back to a research-
er’s own patient care practices. 

Meticulously updated literature reviews relating  
to a topic of interest will help researchers articu-
late a research problem and select appropriate 
methodologies. Not only is a well-formulated  
research question the fundamental foundation 
for any type of research, it is integrally linked to all 
aspects of a project’s methods, including study 
design, eligibility criteria, outcomes, statistical 
analyses and sample size estimation. Each of 
these methodologic considerations rests on the 
cornerstone of a well-developed research ques-
tion, while also serving as the building blocks of 
research that will ultimately answer identified 
knowledge gaps in clinical practice.4-6
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Developing the research question should begin  
with an initial review of previously published evi-
dence, including peer-reviewed literature, expert 
opinion, case reports and/or data sets. These  
activities are likely to generate a number of poten-
tial research questions. It then becomes crucial 
to ask which one of these questions is the prima-
ry research question: that is, the most important 
question to be studied using available methods.7

Cummings et al. suggest that characteristics 
of a good research question be FINER: Feasible, 
Interesting, Novel, Ethical and Relevant.8 Feasibility 
is based on the possibility of securing adequate 
numbers of subjects, tools, time, and budget; in 
short, the scope must be appropriate to available 
resources. The research question must be Inter-
esting enough to capture the enthusiasm and 
focus of the research team, peers, funding agen-
cies and scientific community at large. Good  
research provides Novel information that can 
elucidate unknown findings or expand on ques-
tions raised by a previous study.  A good research 
question must be Ethical, avoiding, at a mini-
mum, unacceptable mental or physical risks and 
invasion of privacy. Finally, and perhaps most im-
portantly, good research must be practical and  
Relevant to serve the needs of target commu-
nities and to advance the bounds of scientific 
knowledge. Moreover, relevant research should 
influence practice not only in relation to the general 
population but also in the application to individuals.  
We also add that Scalability of the research 
should be considered. While studies may be well-
structured and yield statistically significant out-
comes, they may yet fail to be applicable in real 
world settings due to complex research design, 
strict research conditions, and/or lack of general-
izability to heterogeneous populations. Take, for 
example, the research design of a diabetes pre-
vention program targeting subjects at high risk of 
developing diabetes. Subjects in the intervention 
group were asked to follow activities according 
to a very strict protocol that included a controlled 
diet, frequent physical exercise, and other related 
activities. Although the study results might reveal 
significantly improved outcomes in the interven-
tion group compared with control, the complex 
nature of the intervention poses a challenge to 
implementation in everyday life.9

The second key step: define the question 
components

Here we present a common clinical scenario 
and explore how clinical questions emerge in 
practice.

A case scenario 
A 76-year-old woman presents at a primary 

care unit with poorly controlled blood sugar. She 
has a 20-year history of type-2 diabetes and has 
used multiple oral hypoglycemic agents, including  
glipizide, metformin, and a long-acting basal 
insulin analog. She finds it difficult to take the  
metformin as prescribed due to side effects such 
as an anorexia and stomach upset. Recently her 
estimated glomerular filtration rate (eGFR) and a 
random urine albumin-to-creatinine ratio (ACR) 
were 43 mL/min/1.73 m2 and 450 mg/g, respec-
tively. She is concerned about outcomes associ-
ated with angiotensin converting enzyme inhibitor 
agent (ACEI) use in renal insufficiency. Finally, 
she wants to know if she can still use metformin, 
or if it can be substituted with another hypoglyce-
mic agent to avoid its side effects. 

Several questions arise from this scenario. 
These can be cathegorized broadly as background 
and foreground questions.6,10 On the one hand, a 
background question generally relates to a con-
dition, a clinical problem, or knowledge about a 
specific disease. Background questions prompt 
a researcher to ask the “W5H” questions (who, 
what, when, where, why, how) as they apply to the  
relevant problem, pathology, or treatment. Back-
ground questions in this scenario could, for ex-
ample, take the form of, “How does an ACEI work in  
diabetic kidney disease?” or “What are conse-
quences of long-term metformin treatment?”  Most 
background questions can be answered by in-
formation in standard textbooks and evidence-
based resources. However, caution should be 
taken when unreliable sources of information are 
used.

Foreground questions, on the other hand, 
generally are very specific and involve choices 
of treatment, harm, diagnosis, prognosis, and/
or outcomes, ultimately providing the evidentiary 
basis for decision making. This type of question 
can, at best, be partly answered with information 
contained in the published literature.  An example 
would be “Does ACEI retard the deterioration of 
kidney function in diabetic elderly patients with 
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preexisting renal impairment?”, or “Will the meas-
urement of urine albumin be helpful in managing 
type-2 diabetes mellitus with renal insufficiency?” 

The question framework 
A useful format used in the development of 

a foreground research question is the PICO(T) 
framework (formerly well described as PICO).6, 

7, 11 The PICO(T) criteria include the Population/
Patient of interest, the Intervention (treatment or 
diagnostic procedures being used), the Compari-
son/Control (the procedure/activity/drugs with 
which the intervention of interest will be com-
pared), the expected Outcome of interest (meas-
urable expected outcomes under given condi-
tions), and an optional Time element.7 The PICOT 
framework helps generate a structured question 
leading to a tangible research methodology and, 
subsequently, to protocol development. 

Population/Patient (P): Clearly describing 
a specific population of interest will help define 
appropriate inclusion and exclusion criteria. A 
restricted study population may help decrease 
confounding effects related to subjects’ charac-
teristics, particularly in a non-randomized study, 
at the expense of reduced availability of eligible 
subjects and diminished external validity of the 
study. A loosely defined population, on the con-
trary, may enable easier recruitment of subjects 
with diverse characteristics and may enhance 
external validity of the study. However, the risk of 
confounding effects may increase, especially in a 
non-randomized study. Thinking back to our clini-
cal scenario, we can identify our “P” as “elderly 
diabetic patients with preexisting renal impair-
ment”. Note that this description needs further 
clarification in terms of age range, stage of dia-
betes, and definition of renal impairment. 

Intervention (I): The intervention may be a life-
style measure (such as diet control or exercise), 
a pharmacologic agent, a therapeutic procedure, 
a diagnostic test, or an exposure to a risk factor.  
It is important to recognize that, when utilizing  
a specific test to support an intervention or 
treatment, the use of a diagnostic test must be 
considered in conjunction with the associated 
treatment, such as using HbA1C to identify pre-
diabetes in a population. In our case scenario, 
based on clinical observation and existing litera-
ture, we can venture that pioglitazone has fewer 
GI side effects as compared to metformin, or that 

administering an ACEI helps reduce proteinuria 
in the general population. Nevertheless, the clini-
cian may remain uncertain about the efficacy of 
these medications in diabetic elderly patients 
with stage 3b chronic kidney disease, prompting 
a study to answer this question. The interven-
tion would then be a new therapeutic approach, 
namely replacement of metformin with pioglita-
zone, or introduction of a specific ACEI. The de-
tails of the intervention must be clearly specified. 
These include the dose, route of administration, 
frequency and duration of pioglitazone or the 
ACEI.

Control/Comparator (C): When studying the 
effect of a new treatment or a risk factor, it must 
be compared to a control condition. For a new 
treatment, the control intervention may be the 
conventional treatment, a placebo, or no treat-
ment, depending on the concurrent standard of 
care of the disease. For a risk factor or a prognos-
tic factor, the control condition is usually absence 
of the factor, or the reference level of the factor. 
In the scenario, the comparator of pioglitazone 
would be metformin. For an ACEI, the compara-
tor would be placebo. Again, the details of the 
control intervention need to be clearly specified. 

Outcome (O): The outcome in the research 
question has to be viewed and defined as a variable 
expected to be related to or influenced by the in-
tervention. For example, if we speculate that ACEI 
could help control proteinuria in diabetic elderly 
people, then the outcome would be “proteinuria”, 
which requires a clear definition. Proteinuria can 
be measured as a continuous variable by quanti-
fying the amount of protein in a 24-hour urine col-
lection, or it may be measured as a dichotomous 
variable, such as progression of proteinuria (yes/
no). The latter case demonstrates the use of sin-
gle clinical event as the outcome. Sometimes, 
we might be interested in many related clinical 
events as the outcome of the research. We could 
then have multiple events combined together as 
the outcome, called the “composite outcome”. 
For example, we may include “progression of 
proteinuria”, “doubling of serum creatinine” and/
or “development of end stage renal disease” as 
the outcome. Presence of any of these events in 
a subject would qualify that person as experienc-
ing the outcome of interest.

Time (optional) (T): When will the expected 
outcome be measured? Sometimes researchers 
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specify the study duration in the research question 
or objectives. For example, “What is the efficacy 
of ACEI in controlling proteinuria after an exposure 
duration of 6 months?”

Common aspects of clinical research 
questions

Recognizing the level of inquiry that a clinical 
question represents is an important step in devel-
oping a successful research proposal and study 
design. Table 1 shows many aspects of clinical 
questions commonly encountered (modified from  
many authors).6,11,12 Questions may relate to is-
sues of clinical judgement in clinical medicine 
such as prevention, screening, diagnosis, treat-
ment, risk and prognosis. Some questions, par-
ticularly in the field of epidemiology, may relate to 
magnitude of health problems, clinical character-
istics, practice patterns, or patients’ experiences.

Primary and secondary research ques-
tions

It is common for researchers to be interested in 
many related research questions, and to attempt  
to answer them simultaneously within a given  
research project, as conducting research requires 
considerable investment of resources and time. 
The researcher must then designate which ques-
tion is the primary research question, and which 
are secondary.  A primary research question is the  
most important question the researchers want 
to answer with validity and adequate precision. A 
secondary research question, on the other hand, 
is less important and may not be answered con-
clusively in the research. Specifying the primary 
research question is very important because the 
design and conduct of the research must aim to 
obtain a definite and conclusive answer to the  
primary research question. Answers to secondary  
research questions are viewed at best as hypothe-
sis generating. It is not a common practice to have  
more than one primary research questions for a 
single research project, because having multiple 
primary research questions would increase the 
complexity of the research design and conduct, 
and may complicate data analyses. However, there 
are often several secondary research questions.

Questions, hypothesis and objectives
As mentioned earlier, researchers must invest 

considerable effort and time to formulate the 

best possible research question, in order to avoid 
invalid results that might hamper identifying in-
formation of clinical significance.

Once a research question has been selected, 
the research hypothesis should next be articulated. 
In fact, a research question, a research hypothesis 
and research objective(s) convey essentially the 
same information expressed in different forms. 
A hypothesis is an expected answer to a primary  
research question that summarizes the crucial  
parts of the study according to the PICO(T) 
framework, in a form that establishes a basis 
for statistical testing. Once a research question 
has been clearly established, the research hypothe-
sis can be easily formulated by converting the 
research question into an affirmative sentence.  
For example, if the research question is: “In elder-
ly patients with type 2 diabetes who have normal 
blood pressure, does administration of an ACEI 
retard the development or progression of albumi-
nuria, compared to placebo?”, then the research 
hypothesis would be “In elderly patients with type 
2 diabetes who have normal blood pressure,  
administration of an ACEI retards the develop-
ment or progression of albuminuria, compared to 
placebo.” It is possible that some research ques-
tions may not directly translate into a research hy-
pothesis. Consider the research question, “What 
is the prevalence of renal insufficiency in elderly 
diabetic patients in primary care settings?” You 
can see that no research hypothesis can be for-
mulated for this research question. Indeed, for 
any research question that does not contain the 
“C” component, there will be no research hypoth-
esis. These include research questions about the 
properties of a diagnostic test, prognosis, and 
magnitude of health problems/clinical character-
istics. The presence or absence of a research hy-
pothesis is crucial in determining the appropriate 
statistical approach in data analyses and sample 
size estimation.13

In addition to clear research questions and 
hypotheses, research objective(s) may be indi-
cated. The research objective is closely related 
to the research question, insofar as it contains 
the same components of the research question 
PICO(T). For the research question “In elderly 
patients with type 2 diabetes who have normal 
blood pressure (P), does administration of an 
ACEI (I) retard the development or progression of 
albuminuria (O), compared to placebo (C)?”, the 
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Table 1. Levels of enquiry for commonly encountered research question types

Level of enquiry Type of research question PICO  
Component

Examples

Magnitude of health 
problems or clinical 
characteristics

Questions about prevalence, 
incidence, clinical characteris-
tics, practice pattern or patients’ 
experiences

P-O What is the prevalence of renal insuf-
ficiency in elderly diabetic patients in 
primary care settings? 
What is the status of diabetes control in 
elderly diabetic patients in primary care 
settings?

Prevention and treat-
ment

Questions about the efficacy 
or effectiveness of an interven-
tion or exposure in preventing 
disorders from developing or in 
improving outcomes in patients. 
Examples of a preventive or 
therapeutic intervention include 
a behavioral or lifestyle measure, 
an educational or counselling 
program, a pharmacological 
agent, a surgical procedure, 
a rehabilitation program, or a 
vaccine.  

P-I-C-O In elderly patients with Type 2 diabetes 
who have normal blood pressure (P, does 
administration of an ACEI (specify the 
regimen) (I) retard the development or 
progression of albuminuria (O), com-
pared to placebo (C)?

Diagnosis and 
screening

Questions about the ability of a 
test or procedure to differentiate 
between those with and without 
a condition or disorder

P-I-(C)a-O In asymptomatic individuals in a commu-
nity (P), does capillary blood glucose (I) 
perform comparably to plasma glucose 
(C) in screening for diabetes mellitus (O)? 
In Type 2 diabetes mellitus patients (P), 
does spot urine microalbumin using a 
commercial strip (I) help diagnose micro-
albuminuria as defined by 24-hour urine 
albumin excretion (O)?

Prognosis Questions about the probability 
of some events occurring, or 
changes in status or some pa-
rameters over time, in a specific 
group of patients

P-O In elderly diabetic patients with persistent 
albuminuria (P), what is the probability of 
developing end stage renal disease (O) 
over time?

Risk factors, prog-
nostic factors or 
predictors

Questions about the association 
between exposure to a factor 
and selected outcomes. The 
exposure may be called a risk 
factor, a prognostic factor or a 
predictor

P-I-Cb-O In elderly diabetic patients (P), is albumi-
nuria (I) a risk factor for cardiovascular 
death (O)?

aC may be present or absent in this type of research question. If the aim of the research is to compare the performance 
of two or more tests, then C is present. If the research aims to study the performance of just one test, then C is ab-
sent. The gold standard test in this situation is not the C; it is merely the method of determining the outcome (O).
b C is always present in this type of research question, even though it is occasionally not mentioned explicitly. C is 
usually the absence of the factor of interest, or the “reference” level of the factor of interest.
c One factor is regarded as I/C and the other as O, even though they may not completely match the definitions in 
some situations. I and C are grouped together if the factor is analyzed as a continuous variable.

research objective would be “to study the effects 
of an ACEI, compared to placebo, on progression 
of albuminuria in elderly patients with type 2 dia-
betes who have normal blood pressure”. Unlike 
research hypotheses, which may be absent in 
some aspects of research questions, research 

objectives can be articulated for all aspects of 
research questions.

Returning to our clinical scenario, here are a 
few examples to illustrate the construction of 
research hypothesis.  A relatively simple hypoth-
esis might be put forth as “A high fat diet is asso-
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ciated with an increased risk of proteinuria in the 
elderly with diabetes.” Or: “High blood pressure 
is associated with an increased risk of proteinu-
ria in the elderly with diabetes”. Having multiple 
hypotheses eventually will help the researcher 
decide which question is the primary research 
question.    

Conclusion
Developing a high-quality research question is 

the most fundamental part of the entire research 
project. To generate a good research question, 
one needs to understand gaps in knowledge 
about the topic of interest, based on review of 
a broad variety of sources. A clear and specific 
research question can be formulated using the 
PICO(T) framework. Each component of the 
question must be defined in as much detail as 
possible. A research hypothesis is a theoretical 
answer to a research question that is measur-
able. Finally, primary research objectives must 
be generated to delineate what a study aims to  
accomplish. Developing “important”, “relevant” 
and “researchable” questions with linked hypoth-
eses and objectives is a difficult task, but it will 
definitely guide a successful research activity.
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