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Summary

The methods section of a manuscript is one of the most important parts of a research paper because

it provides information on the validity of the study and credibility of the results. Inadequate descrip-

tion of the methods has been reported as one of the main reasons for manuscript rejection. The

methods section must include sufficient detail so that others could repeat the study and reproduce

the results. The structure of the methods section should flow logically and chronologically. There are

multiple components of methods sections, including study design, materials used, study procedures,

and data analysis. Each element must be adequately described and thoroughly detailed to provide

an understanding of how the results were obtained and how to interpret the findings. Studies that

involved humans or animals must include an ethics statement of approval from the appropriate gov-

erning body. The methods section should explain how subjects were identified and should state inclu-

sion and exclusion criteria. All materials used to complete the study should be described in detail,

including equipment, drugs, gases, chemicals, treatments, interventions, or other items. Study proce-

dures should outline all steps taken to obtain the results and clearly state the outcome measures.

Subheadings might be helpful for organizing the methods section into subsections when there is a

considerable amount of information to report. A well-written methods section will guide the reader

through the research process and provide adequate information to evaluate study validity and repro-

duce the work. The purpose of this paper is to provide guidance for writing the methods section of

a manuscript. Key words: manuscript; research paper; science writing; publication; research; study
protocol; methods. [Respir Care 2023;68(12):1763–1770. © 2023 Daedalus Enterprises]

Introduction

Dissemination of research findings occurs through abstracts,

posters, presentations, and manuscripts.1-3 Writing the manu-

script is considered the last step of the research process because

it provides a detailed account of the research from start to fin-

ish.4,5 The main components of a research paper include an

abstract, the introduction, methods, results, discussion, and con-

clusions.3,4 Each section of the manuscript is important and has

a specific role in describing the research story. However, the

methods are one of the most critical sections of a manuscript

because the details are used to evaluate and determine the valid-

ity of the study and credibility of the results.6 Validity in

research refers to reliability of the measured results: the extent

to which the study accurately measured what it intended (inter-

nal validity) and how the results can be applied to the general

population beyond the study (external validity).6,7

The methods section describes what was done to answer

the research question.8 This section specifies how the research

was done, the rationale for the procedures, what materials
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were used, and how the results were analyzed, all in a clear,

concise, and organized manner.6 The description of the

research should provide enough detail so others could repeat

the study and reproduce the results.6,9,10 Much of the methods

section should be written before the study is initiated. Indeed,

for funded research, a detailed methods section is written as

part of the grant application. There are several aspects of the

methods sections, and the essential elements will vary,

depending on the type of study. Submission requirements dif-

fer among journals; therefore, it is important to consult the

instructions for authors for the specific journal to ensure that

all necessary elements are included.11 The purpose of this pa-

per is to describe the different components of the methods

section and provide guidance for writing the methods section

of a research paper.

General Considerations

An inadequate description of methods has been identi-

fied as one of the top reasons for manuscript rejection.12 It

has been suggested that including too much information is

better than having insufficient detail because irrelevant con-

tent can later be omitted.12 The methods section of a

research paper is analogous to a recipe.10,13 A recipe is com-

posed of multiple elements, including the list and quantity

of ingredients, equipment and tools needed and applicable

settings, and the detailed instructions for how to create the

recipe. Similar to a recipe, there are different elements of

methods to describe in a manuscript. In general, common

components of the methods section include a description of

the study design, materials used, study procedures, meas-

urements or calculations, and the statistical tests used to an-

alyze the results. Materials used to conduct research are

comparable with the ingredients, tools, and equipment for a

recipe. Materials represent what was studied, including sub-

jects, equipment or devices, and treatments or interven-

tions.6,14 The steps to create a recipe are akin to study

procedures such as the process for data collection, measure-

ments, calculations, and statistical analysis. A summary of

the different elements of the methods section is included in

Table 1. The individual components for each element may

vary, depending on the nature of the study.

Although similarities exist between a recipe and the meth-

ods section of a research paper, the methods section should

not be formatted to read like a recipe.13 Use past tense for

writing the methods section because the study has been com-

pleted and describes what was already done.6,9,10,13,14 The

methods section should be structured for logical and chrono-

logical flow.6,14,15 Use of subheadings can be helpful for

organizing the different components for the methods section

when there is a substantial amount of detail to describe.6,13

However, subheadings may not be required by some jour-

nals. An excessive use of subheadings can be distracting to

the reader by interrupting the flow of the manuscript. There

should not be a subheading for every paragraph. This is par-

ticularly distracting when each subheading is followed by a

short 1- or 2-sentence paragraph. Paragraphs with fewer than

3 sentences should be avoided; combine the information with

another paragraph unless the journal to which the paper will

be submitted requires specific subheadings. Subheadings can
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Table 1. Methods Section Elements

Methods Element Components

Study design Study type

Specifics per study type (retrospective vs

prospective, randomization, reporting guidelines)

Setting

Time frame

Ethics statement Institutional review board or ethics committee

approval

Institutional Animal Care and Use Committee

National Institutes of Health Service Policy on

Humane Care and Use of Laboratory Animals

Subjects Characteristics of population (basic demographics,

general health status)

How subjects were selected

Inclusion and exclusion criteria

Animal details (species, weight, age, sex)

Materials Items used and preparation details

Equipment (name, model, manufacturer, settings,

calibration, validation)

Drugs (generic name, concentration, dose, frequency,

route)

Gases (concentration, dose, frequency, route, flow)

Study procedures How procedures were performed

Justification for procedures

Chronological order

Measurements or calculations

Specific data elements collected

Outcome measures

Statistical analysis How data were analyzed

Power analysis for sample size

Statistical tests used and justification

P value for statistical significance

Software
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be useful as an outline when writing the methods section but

then might be omitted in the final manuscript.

A common error in manuscript writing is reporting

results in the methods section and vice versa. A frequently

occurring example is including the number of subjects who

participated in the research in the methods section when it

was unknown how many met inclusion criteria before study

initiation and subject screening. The methods section

should only include information available during the plan-

ning phase, before study initiation.10,16 There are instances

in which study procedures may have changed after the

study commencement. This information would be reported

in the methods section but the outcomes stated in the results

section. The results section should reflect the data obtained

from study procedures because this information would be

unknown before the study was completed.

Study Design

The methods section often begins with an overall descrip-

tion of the study design and key attributes, including the type

of study, setting, time frame, and procedures.14,15 This pro-

vides an overview and context for how the study was con-

ducted with further details and specifics described in

subsequent subsections. Study design has been described as a

road map for the methods section to provide information for

how to understand the approach and interpret the results.14

Common study designs include observational, bench evalu-

ation, systematic review, randomized controlled trial, survey,

and others. Guidelines for writing the manuscript include the

Consolidated Standards of Reporting Trials (CONSORT) check-

list for randomized controlled trials and Preferred Reporting

Items for Systematic Reviews and Meta-Analyses (PRISMA)

guidelines for systematic reviews.17,18 Registration is another

consideration for clinical trials and systematic reviews. The

International Committee of Medical Journal Editors (ICMJE)16

requires registration of clinical trials on a public trials registry.

Many journals, including RESPIRATORY CARE, follow the recom-

mendations for publication set forth by this group. A random-

ized controlled trial should also include the blinding

mechanism and different treatment groups as applicable.17

Although registration of a systematic review is often not a pre-

requisite for publication, registering the protocol supports trans-

parency, decreases potential bias, and can help prevent

duplication of reviews.18 An observational study should report

if the design was retrospective, prospective, a secondary or

post hoc analysis, or other category of observational design.7

The setting where the study occurred, if it included data

from a single-center or multiple centers, and the time frame

in which it took place must be included because these fac-

tors have implications for clinical practice, generalizability,

and validity.7 Potential study settings might include an ICU

(or specific ICU type), medical surgical ward, emergency

department, out-patient clinic, home-care environment, or

simulation laboratory. The time frame is an essential ele-

ment for context because practices and trends change over

time. A prime example of this is prone positioning for treat-

ment of hypoxemic respiratory failure as use substantially

increased during the COVID-19 pandemic.19

Ethics Statement

The United States Department of Health and Human

Services defines a human subject “as a living individual

about whom an investigator (whether professional or stu-

dent) conducting research obtains information or biospeci-

mens through intervention or interaction with the individual,

and uses, studies, or analyzes the biospecimens; or obtains,

uses, studies, analyzes, or generates identifiable private infor-

mation or identifiable biospecimens.”20 The methods section

must include a statement regarding approval from an institu-

tional review board (IRB) or ethics committee for research

that included human subjects.16 Quality improvement studies

and certain types of surveys are often not considered human

subject research and therefore may not require IRB oversight

but the decision is made by the IRB. Quality improvement

projects, depending on requirements of the institution or or-

ganization, can be performed without IRB approval in some

cases; however, IRB approval is needed before publication

or presentation outside of the institution, and human subject

determination is made by the IRB, not the investigators.

Animal studies also require ethics approval to be reported

in the methods section. Research that involves animals is

subject to approval from the local Institutional Animal Care

and Use Committee and must be conducted in accordance

with national guidelines, for example, the National Institute

of Health Public Health Service Policy on Humane Care and

Use of Laboratory Animals.21 For journals that do not have a

specific requirement for where to include the ethics state-

ment within the methods section, many authors typically

incorporate it in the initial general description of the study or

with the detailed description of the subjects. Some studies

have included it at the beginning of the methods section.

Subjects

Characteristics of the study population should be described.

This includes basic demographics (eg, adults or children, age,

sex) and general health status such as if the individuals were

healthy volunteers or had a specific diagnosis or condition.

This information is also needed for control groups.4 Inclusion

criteria for how subjects were identified and selected should

be detailed as well as reasons for exclusion. For example, an

evaluation of a disease management program included adults

ages$ 65 years and with COPD who were admitted to 1 of 5

hospitals during a specified time frame.22 Patients were

excluded if they left against medical advice, died during

admission, transferred to a hospital outside of the health
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system, entered hospice care, refused home care, or were

unable to participate in education.22 In this example, subject

characteristics (adults with COPD), selection and identifica-

tion (hospital admission during defined time frame), and

exclusion criteria are clearly stated.

When referring to human subjects in research, the terms

subject and patient are often used interchangeably, but there

is a difference.23 A patient receives care to improve health,

and care is individualized in each particular case. When a

patient participates in research, he or she becomes a subject.

In research, care is designed to create information and is the

same for all subjects based on the study protocol. The indi-

vidual conducting the research is not always involved in the

patient care provided, thus also making the distinction

between subject and patient. A common error is to use the

word subjects exclusively when writing the manuscript.

However, individuals are patients before enrollment. When

referring to the broader population of individuals who might

benefit from the research findings, the word patients is likely

more correct. Participant and volunteer are other terms that

can be used in place of subject. Individuals who participated

in survey research are typically referred to as respondents.24

In addition to humans, research subjects may also involve

animals or organisms such as cells. When animals are stud-

ied, the methods should describe the species, weight, age,

and sex of the animals.6 Ring et al25 used ex vivo porcine

lungs to evaluate the effect of breathing pattern and nebuliza-

tion on exhaled viral content during mechanical ventilation.

The authors reported that the lungs were sourced from a

retail processing facility and were from 6-month-old

Yorkshire hybrid pigs that weighed 118 kg. In addition, it

was noted that approval to conduct the study was granted by

the local Institutional Animal Care and Use Committee. This

publication demonstrates an appropriate description of ani-

mal subjects, including an ethics statement.

Equipment and Other Materials

Identify all equipment and other materials used in the

study, including devices, related accessories, drugs, or

chemicals. At first mention of any device, provide the spe-

cific name of the item, model number if applicable, and

manufacturer information. Many scientific journals do not

usually allow use of trademark or registration symbols.10

The ICMJE recommends that manufacturer name and loca-

tion be included in parentheses.16 For example, a study that

evaluated the safety and feasibility of breathing high-dose

nitric oxide in healthy volunteers used a Sievers 280i nitric

oxide analyzer (GE Analytical Instruments, Boulder,

Colorado) to measure nitric oxide gas concentration.26

Subsequent mentions of equipment should be noted by

generic name versus trade name when possible. It is impor-

tant that the methods section does not project any bias that

an author may have for a specific device or manufacturer.

Use of figures can be an effective means of providing a

visual description of the equipment setup, especially when

there are many components involved. This can also help

reduce the amount of text and improve understanding of

how the equipment was assembled. Figures can be either a

photograph of the equipment or a graphic illustration (line

drawing), but all components should be clearly labeled. An

illustration of the setup used to deliver high-dose nitric oxide

in the aforementioned study is provided in Figure 1.26 Use of

a photograph to depict the experimental setup for measuring

Flexible connector NO� scavenger Reservoir bag (3 L)

HEPA filter

Inspiratory one-
way valve

NO/NO� and O�
sampling port

Gas port (O�)

Expiratory
one-way valve

Gas port (NO) Gas port (air) Inspiratory one-
way valve

Y-piece

Fig. 1. Graphic illustration of an experimental setup. From Reference 26.
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peak expiratory flow during mechanical insufflation-exsuf-

flation is demonstrated in Figure 2.27 Photographs should be

of good quality and include all relevant items. In both exam-

ples, all components are clearly identified and labeled.

In addition to naming the specific equipment used in the

study, settings should also be included in the methods sec-

tion because these details are highly relevant for duplication

of the study. For example, the evaluation of peak expiratory

flow during mechanical insufflation-exsufflation provided

the pressure settings used during therapy.27 Not only is this

important for repeating the study, but it is also essential for

assessing the validity of the results. If the settings were not

typical of those used in the study population or in clinical

practice, then this would introduce limitations to interpret-

ing and understanding the results.

Equipment preparation is another consideration for the

methods section. Describe the calibration process and the

frequency for equipment that requires calibration. The flow

meter used to measure peak expiratory flow during mechan-

ical insufflation-exsufflation was calibrated and validated

annually by the manufacturer.27 If manufacturer standards

for calibration are not followed, then the accuracy of the

results may be affected. It should be noted that calibration

and validation represent two different processes.4 Both

should be described as applicable.

In addition to equipment, identify all drugs, chemicals,

gases, or other materials used specifically for the study. The

details for drugs and gases should include the concentration,

dose, frequency, and route of administration. Gases should

also note the flow used. Chemicals should be noted with the

name and concentration as applicable. Use the generic name

for drugs. If the trade name for a drug is relevant to the study,

then follow the same process for identifying equipment

brands and manufacturer information and use the generic

name after initial identification. Preparation information may

be needed in some cases. For example, detailed preparation

information was provided for the bacteriophage used in the

animal study conducted by Ring et al.25 The process for how

the bacteriophage was prepared was described in detail as

well as the amounts used for the study.

Study Procedures

The methods section should explicitly detail all proce-

dures, treatments, or interventions used in the study. This

portion of the methods section describes how study proce-

dures were performed, the chronological order of proce-

dures, measurements or calculations made, and the specific

data elements collected. A rationale may be needed for

some procedures, depending on the audience.6 Outcome

measures are often included in the subsection for study pro-

cedures, but some authors report them in the overall

description for study design.

A comprehensive explanation of the procedures is vital

for providing adequate details for reproducibility and valid-

ity regardless of the study design. A retrospective cohort

study investigated outcomes of children treated with contin-

uous albuterol that contains benzalkonium chloride and pre-

servative-free solutions.28 Collected data were clearly

stated and included subject demographics, diagnosis, mor-

tality risk score, albuterol dose and duration, use of adjunc-

tive therapies, and respiratory support. The methods section

for this paper also reported the source of the data extraction

(electronic medical records, database, manual chart review)

and the process for how therapies were initiated, escalated,

and de-escalated (intensivist discretion).28 The basis for the

MI-E
(CoughAssist)

Time-Flow
visual analysis

Flow meter

Anti-bacterial filter
(single-use)Airway

connector

Personal
circuitEndotracheal

tube
(Participant)

Fig. 2. Photograph of an experimental setup. From Reference 27.
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use of therapies in this study is an important consideration

for generalizability because practices vary among institu-

tions and some care might involve the use of protocols.

Diagrams and flow charts can be helpful for illustrating

processes or workflow. An evaluation of sputum volume

obtained with different cough augmentation techniques out-

lined the protocol in an illustrated timeline for the sequence

of interventions and data collection (Fig. 3).29 The timeline

provides clear information for the procedures that were

done, when they were done, and the data elements col-

lected. Data were collected at baseline, at the end of the

intervention, and then 1 h after the intervention, followed

by a minimum 4-h washout period before the second inter-

vention and data collection.29 Details with regard to who

performed the interventions (5 experienced respiratory

clinicians), how they were administered (cough augmenta-

tion technique and settings), and subject information (posi-

tioning) were comprehensively described.

Measurements obtained during study procedures should

be identified along with a description of how they were

obtained and the devices used. For example, the same study

measured ventilator parameters before, during, and after

interventions by using a Fluxmed GrH monitor (MBMED,

Buenos Aires, Argentina).29 Procedures for measurements

or techniques with established references do not have to be

described in detail and can be omitted if the procedure

could be repeated without the specific details.6,12,14 This is a

common practice for measurements obtained during spi-

rometry. In those instances, provide the reference for the

previous work without providing all of the additional

details. In a study that aimed to correlate baseline spirome-

try with airway hyper-responsiveness in methacholine chal-

lenge, the reported testing was performed according to

published guidelines.30 The guideline was referenced with-

out providing all the specifics. On the contrary, studies that

used novel methods would need to be further described.6

The outcome measures that address the research question

should be clearly stated. Outcome measures are the depend-

ent or response variables assessed to evaluate the impact of

the research that is established before beginning the

study.6,8 Outcome measures may include both primary and

secondary outcomes. The primary outcome is the main

measure of the research question, and secondary outcomes

provide additional information for interpreting results. The

retrospective evaluation of different albuterol solutions

used ICU and hospital length of stay as primary outcomes

and duration of continuous albuterol, use and duration of

adjunctive therapies, and need for mechanical ventilation

as secondary outcomes.28 The primary outcome was spu-

tum volume for the trial that assessed cough augmentation

techniques, and secondary outcomes were respiratory

mechanics and hemodynamics.29

Statistical Analysis

The statistical analysis component is typically included as

the last part of the methods section. This subsection describes

how the collected data were analyzed through identification

of the statistical tests that were used and the P value threshold

for statistical significance. A clinical trial that evaluated the

effect of endotracheal tube scraping during mechanical venti-

lation reported that categorical variables were analyzed with

the chi-square or Fisher exact test, and continuous variables

were presented as mean6 SD or median (interquartile range)

based on distribution and analyzed with t test or Mann-

Whitney test.31 P < .05 was considered significant. The sta-

tistical analysis section of this paper distinctly identified the

tests used to analyze specific data points and provided an ex-

planation for when mean or median was reported.

The statistical analysis should also describe how the

power analysis was conducted to determine the appropriate

sample size. Justification for the approach should be pro-

vided when needed. For example, the study that evaluated

the effect of endotracheal tube scraping calculated sample

size for each treatment group based on previous institu-

tional data for the mean duration of mechanical ventilation

and determined that each group needed 136 subjects with

an alpha of 0.05 and power of 0.80.31 Citing references for

the rationale and justification for the selected statistical

tests is also an approach to support the choice of test. The

previously noted evaluation of methacholine reactivity

used a reference to support the use of partition analysis.30

Baseline
assessment of:

Blood gases
Hemodynamics

Respiratory
mechanics

End of treatment
assessment of:

Blood gases
Hemodynamics

Respiratory
mechanics

Sputum
clearance

End of treatment
assessment of:

Blood gases
Hemodynamics

Respiratory
mechanics

Sputum
clearance

Baseline
assessment of:

Blood gases
Hemodynamics

Respiratory
mechanics

1 h assessment of:
Blood gases
Respiratory
mechanics

1 h
assessment of:

Blood gases
Hemodynamics

Respiratory
mechanics

Randomization 1st Intervention 2nd Intervention1 h pause 1 h pauseMinimum 4 h wash out

Fig. 3. Illustrated timeline of study protocol that depicts chronological order. From Reference 29.
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The software package and version used for data analysis

should also be specified in the data analysis portion of the

methods section.16

A Methods Model

Several publications were used throughout this paper to

demonstrate the different elements of the methods section

of a research paper. A summary of each of those elements

and the individual components comprised within each sub-

section adapted from the endotracheal tube scraping clini-

cal trial are included in Table 2.31 It is important to note

Table 2. Summary of Methods Elements and Details from a

Published Paper

Methods Element Details

Study Design

Study type Prospective, randomized clinical trial

Setting Single-center, academic medical center,

medical ICU

Time frame October 2019 – October 2021

Clinical trials

registration

ClinicalTrials.gov (NCT03868735)

Randomization Random assignment 1:1 ratio (control group

and experimental group)

Blinding Subjects and clinicians were not blinded to

group assignment

Subjects

Inclusion criteria Adults, ages $ 18 y

Admitted to medical ICU

Mechanical ventilation via endotracheal

tube > 24 h

Exclusion criteria Pregnancy

Ventilation via tracheostomy

Extracorporeal membrane oxygenation

Transferred from an outside facility and ven-

tilated > 24 h

Ethics statement Institutional review board approval

Equipment Standard endotracheal tube suction catheter

Balloon-sweeping suction catheter

(CleanSweep Closed Suction System,

Teleflex, Wayne, Pennsylvania)

Study procedures

Protocol Control group used standard suction catheter

Experimental group used a balloon-sweep-

ing suction catheter

Both groups

Process to determine suction catheter size

Procedure for endotracheal suction per

departmental policy

Frequency of suction per clinical need

Catheters replaced when visibly soiled or

every 7 d

Ventilator-associated events prevention

bundle

Daily spontaneous awakening trial and

spontaneous breathing trial per institution

protocol

Data collection Data collected from electronic medical

records and recorded in a secure data col-

lection platform

Subject demographics

Body mass index

Primary diagnosis

Sequential organ failure assessment score

Reason for intubation

Endotracheal tube size

Lung-protective strategy

Airway suctioning

(Continued)

Table 2. Continued

Methods Element Details

Ventilator-associated events prevention bundle

Spontaneous awakening trial

Spontaneous breathing trial

Ventilator-associated condition

Infection-related ventilator-associated

condition

Ventilator duration

Need for re-intubation

Noninvasive ventilation postextubation

ICU length of stay

Hospital length of stay

Outcome measures Primary outcome was duration of mechani-

cal ventilation

Secondary outcomes

Time to first successful spontaneous breath-

ing trial

Extubation outcome

ICU length of stay

Hospital length of stay

Occurrence of ventilator-associated events

Statistical analysis

Sample size power

analysis

The mean duration of ventilation based on

institutional data used to calculate the

clinically important 20% reduction in du-

ration determined 136 subjects needed per

group with an alpha of .05 and power of

.80

Statistical tests Chi-square test

Fisher exact test

Mean 6 SD

Median (interquartile range)

t test

Mann-Whitney test

Intent-to treat analysis

Per-protocol analysis

P value for significance P < .05

Software SPSS 26.0 for Windows (IBM, Armonk,

New York)

Adapted from Reference 31.
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how some items were further described in the text, such as

the technique for airway suctioning, the definition of a suc-

cessful spontaneous breathing trial, an explanation for extu-

bation outcome, the elements of the ventilator-associated

event prevention bundle, and how ventilator-associated

events were defined. These specifics provide additional in-

formation to help determine validity and generalizability,

and highlight the importance of including enough detail to

duplicate the study.

Summary

The methods section is an important part of a manuscript

because it provides information on the validity of the study.

One of the main reasons for manuscript rejection is an inad-

equate description of the methods. Enough detail must be

provided so others could repeat the study and reproduce the

results, similar to following a recipe. The methods section

should be structured for logical and chronological flow, and

be written in past tense. There are multiple components of

the methods section that must be adequately described and

thoroughly detailed to provide an understanding of how the

results were obtained to interpret the findings. Subheadings

can be helpful for organizing the methods section into sub-

sections when there is a considerable amount of informa-

tion to report, but subheadings should be used judiciously.

A well-written methods section will guide the reader

through the research process and provide adequate informa-

tion to evaluate study validity and credibility of the results

as well as reproduce the work.
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