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Abstract

Objective

Qualitative studies have described girls’ varying levels of confidence in managing their men-

struation, with greater confidence hypothesized to positively impact health, education, and

social participation outcomes. Yet, measurement of this and other psychosocial compo-

nents of adolescent girls’ menstrual experiences has been weak in global health research,

in part due to a dearth of appropriate psychometric tools. We describe the development and

validation of the Self-Efficacy in Addressing Menstrual Needs Scale (SAMNS-26).

Methods

We conducted nine focus group discussions with girls in schools in rural and urban Bangla-

desh to identify tasks involved in menstrual self-care. This informed our creation of an initial

pool of 50 items, which were reviewed by menstrual health experts and refined through 21

cognitive interviews with schoolgirls. Using a self-administered survey, we administered 34

refined items plus additional validation measures to a random sample of 381 post-menar-

cheal girls (ages 9–17) and retested a subsample of 42 girls two weeks later. We examined

the measure’s dimensionality using exploratory factor analysis and assessed internal con-

sistency, temporal stability, and construct validity.

Results

Exploratory factor analysis suggested a 26-item scale comprising three correlated sub-

scales: the 17-item Menstrual Hygiene Preparation and Maintenance (α = 0.86), the 5-item

Menstrual Pain Management (α = 0.87), and the 4-item Executing Stigmatized Tasks (α =

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0275736 October 6, 2022 1 / 22

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Hunter EC, Murray SM, Sultana F, Alam

M-U, Sarker S, Rahman M, et al. (2022)

Development and validation of the Self-Efficacy in

Addressing Menstrual Needs Scale (SAMNS-26) in

Bangladeshi schools: A measure of girls’ menstrual

care confidence. PLoS ONE 17(10): e0275736.

https://doi.org/10.1371/journal.pone.0275736

Editor: Alison Parker, Cranfield University, UNITED

KINGDOM

Received: November 28, 2021

Accepted: September 22, 2022

Published: October 6, 2022

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pone.0275736

Copyright: © 2022 Hunter et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: To align with the

informed consent provided by study participants,

approval is needed for other researchers to access

https://orcid.org/0000-0001-6073-8646
https://orcid.org/0000-0002-4976-9713
https://doi.org/10.1371/journal.pone.0275736
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0275736&domain=pdf&date_stamp=2022-10-06
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0275736&domain=pdf&date_stamp=2022-10-06
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0275736&domain=pdf&date_stamp=2022-10-06
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0275736&domain=pdf&date_stamp=2022-10-06
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0275736&domain=pdf&date_stamp=2022-10-06
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0275736&domain=pdf&date_stamp=2022-10-06
https://doi.org/10.1371/journal.pone.0275736
https://doi.org/10.1371/journal.pone.0275736
http://creativecommons.org/licenses/by/4.0/


0.77). Sub-scales exhibited good temporal stability. SAMNS-26 scores correlated nega-

tively with measures of anxiety, and girls who preferred to stay at home during their periods

had lower SAMNS-26 scores than those who did not.

Conclusion

The SAMNS-26 provides a reliable measure of a schoolgirl’s confidence in her capabilities

to address her menstrual needs. There is initial evidence to support the measure’s construct

validity in the Bangladesh context as indicated by its relationships with other factors in its

theorized nomological network. The tool enables incorporation of self-efficacy into multivari-

ate models for exploring the relationships among antecedents to menstrual experiences

and hypothesized impacts on health, wellbeing, and education attainment. Further testing of

the tool is recommended to strengthen evidence of its validity in additional contexts.

Introduction

Background

Schoolgirls in low- and middle-income country (LMIC) settings cope with a variety of chal-

lenges in meeting their needs regarding menstruation [1, 2]. While typically provided little

education about menstruation, adolescent girls contend with menstrual stigma, inadequate

sanitation and disposal facilities, limited access to reliable menstrual materials, and poor social

support for menstrual issues [1–3]. Over the past decade, there has been increasing advocacy

to implement school-based programs to ensure girls can adequately and comfortably address

their needs related to menstruation in the school environment—both because it is critical for

girls’ human rights to dignity and reproductive health, and also because it is essential for

achieving gender equality in education [4–8].

School-based menstrual health intervention studies have conventionally aimed to improve

menstrual knowledge and management practices with a view to reducing school absenteeism,

but they have often stopped short of rigorously assessing other important components of girls’

menstrual experiences [9, 10]. The relationship between menstrual practices and school atten-

dance is an indirect one—likely mediated by menstrual factors (e.g., dysmenorrhea, menorrha-

gia, etc.) and psychosocial factors such as agency and confidence, shame, distress, perceptions

of one’s environment, and perceptions of one’s own menstrual practices [1, 10]. Measurement

of these important psychosocial factors in menstrual health research and program evaluations

has been weak, in part due to a dearth of appropriate tools specific to this domain [11]. Vali-

dated measures for the assessment of psychosocial components of adolescent girls’ menstrual

experiences are critical for robust evaluation studies to establish strong evidence for school-

based interventions that effectively improve menstrual experiences.

Theoretical foundation

Prior qualitative studies in LMICs have described women and girls’ varying levels of confi-

dence in managing their menstruation, with greater confidence hypothesized to positively

impact health, education, and social participation outcomes [1]. Menstrual care confidence is

an important psychosocial factor to assess in the menstrual health and hygiene domain

because beliefs in one’s capabilities are known to influence how individuals feel, think, moti-

vate themselves, and act [12]. Guided by Bandura’s self-efficacy theory [12], we conceptualize
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menstrual care confidence beliefs as “self-efficacy” and define the construct as a girl’s beliefs in
her capabilities to carry out the tasks required to address her menstrual needs. An individual’s

self-efficacy beliefs are constructed through processing information drawn from their previous

enactive experiences, vicarious experience through observing others similar to themselves, ver-

bal persuasion (e.g., encouragement), and their own physiological and affective state [12].

In menstrual health intervention studies, assessing self-efficacy beliefs may provide a more

comprehensive picture of girls’ lived experiences than objective assessments of the presence of

sanitation facilities in schools or availability of menstrual materials [1]. Self-efficacy theory

suggests that even among those who share the same physical and economic environments,

girls with lower self-efficacy in addressing their menstrual needs will perceive opportunities

and constraints differently than those who have greater self-efficacy. Those with low self-effi-

cacy in addressing their menstrual needs may be likely to experience greater stress and anxiety

while attending to their menstruation in the face of challenges. Such individuals are theoreti-

cally more likely to avoid challenging situations altogether [12]—such as attending school dur-

ing menstruation.

Measurement of self-efficacy

Bandura’s self-efficacy theory conceptualizes the self-efficacy construct as comprising three

dimensions: strength, level/magnitude, and generality—which has implications for its mea-

surement [12]. The strength dimension is assessed by having participants indicate on a Likert-

type response scale how sure they are that they can perform a particular task [13]. Along the

second dimension, the level/magnitude of self-efficacy beliefs refers to the level of difficulty of

task demands at which individuals feel they are capable of succeeding [12]. Self-efficacy beliefs

also differ along a dimension of generality—or the “degree to which the expectation is general-

ized across situations” [12, 14]. When measuring self-efficacy beliefs, it is thus important to

measure the strength of an individual’s perceived capability across varying degrees of challenge

or impediments to successful performance in a variety of situations [12, 13]. Doing so necessi-

tates multi-item measures. The purpose of the present study was to develop and refine a pool

of potential items for a Self-Efficacy in Addressing Menstrual Needs Scale and formally test the

items to reduce the pool and preliminarily assess the measure’s psychometric properties with

schoolgirls in Bangladesh.

Methods

Study setting

Data collection took place in eight schools in Bangladesh—four in urban Dhaka, and four in

rural Manikganj District—that were participating in the larger study Piloting menstrual
hygiene management interventions among urban and rural schools in Bangladesh (henceforth

referred to as the “main study”). The main study comprised a formative research phase in four

of the schools (two urban, two rural) to inform the development of an intervention package,

followed by a six-month piloting period in four other schools (two urban, two rural) to evalu-

ate the intervention. The intervention aimed to promote supportive school environments for

menstruating girls. Intervention components included provision of schoolteacher-led puberty

and menstruation education, improved waste disposal facilities, and distribution of menstrual

materials and menstrual cycle tracking calendars (among other activities). Details about the

study context, school selection and characteristics, and the main study’s intervention activities

and evaluation methods have been presented separately [15, 16].

The work described in this paper was a self-efficacy sub-study commenced halfway through

the main study (S1 Fig), after the formative research phase but immediately prior to
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implementation of a baseline survey in intervention schools. We first leveraged the main

study’s baseline survey conducted in the four intervention schools to assess feasibility of our

tool’s instructions and response options. We then conducted qualitative research to inform the

content of the scale items in the four schools that had earlier participated in the main study’s

formative research phase. Lastly, we leveraged the main study’s endline survey in the interven-

tion schools to collect quantitative data for the self-efficacy scale development.

The Ethical Review Committee of icddr,b approved the study protocol (PR15115). The

Dhaka Zonal Office, Directorate of Secondary and Higher Education; the Dhaka Divisional

Office, Directorate of Primary Education; and School Management Committees provided per-

mission to conduct research in the schools. School leadership further provided approval to

conduct study activities on school property, primarily during school snack breaks to reduce

disruption. All participants assented to participate and had written consent from a parent or

schoolteacher as their guardian (in loco parentis).

Overview of research design

Fig 1 summarizes our four-stage process model for developing the Self-Efficacy in Addressing
Menstrual Needs Scale between April 2017 and April 2018. In Phase 1, we designed the ques-

tionnaire format and created an initial pool of draft items. In Phase 2, we assessed the content

validity of the item pool through an expert validation exercise. In Phase 3, we iteratively pre-

tested and refined the item pool and conducted final field piloting of the tool. In Phase 4, we

assessed the psychometric properties of the tool through testing items on a survey of randomly

selected schoolgirls in urban and rural Bangladesh.

Phase 1: Creation of questionnaire format and initial item pool

Design and feasibility testing of questionnaire format, instructions, and response

options. Guided by existing measures of self-efficacy in other domains [13, 17], we developed

a generic format for items that directs a respondent to indicate the strength of her confidence

in her capability to perform a particular task involved in addressing her menstrual needs. We

chose an 11-point Likert-type response option to allow enough variation in responses as rec-

ommended by Bandura for self-efficacy scales [13].

Fig 1. Process of development and testing of the Self-Efficacy in Addressing Menstrual Needs Scale in 8 urban and

rural schools in Bangladesh 2017–2018.

https://doi.org/10.1371/journal.pone.0275736.g001
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We trained 14 female professional health survey enumerators to pilot 10 test items on the

main study’s baseline survey in the four intervention schools to qualitatively assess acceptabil-

ity and feasibility of our proposed self-efficacy questionnaire format, instructions, and

response options. During training, survey enumerators recommended using response options

0 to 100 (in intervals of 10) because of schoolgirls’ familiarity with the 0–100 scale used in aca-

demic grading. Among several options for visual cues to aid in understanding response

options, survey enumerators recommended an “X” over the “0” response option, and a check/

tick that increased in size over subsequent response options. Word labels anchored either end

of the scale where 0 = “No, I absolutely cannot do it” and 100 = “Yes, I am absolutely sure I can

definitely do it” (Fig 2).

We devised a “pen test” to check participants’ comprehension of the instructions before col-

lecting data [13]. A survey enumerator would place a pen on the table near to a participant and

ask, “How confident are you that you can reach the pen (while remaining in your seat)?” with

the expectation that the response should be at or near 100. The enumerator would proceed to

move the pen progressively farther away and ask the same question. If responses did not move

in a reasonable manner along the response options, then the enumerator would provide fur-

ther explanation of the instructions to clarify misunderstandings. In July 2017, we observed

the main study’s baseline survey implementation with 527 randomly selected girls in Classes

5–10 (404 of whom had reached menarche and so participated in the feasibility testing of the

self-efficacy questionnaire’s instructions and response options) and debriefed with the survey

enumerator team about their experiences conducting the feasibility testing.

Development of item pool. Having confirmed the acceptability and feasibility of the

intended format for our scale, we compiled a list of actions involved in menstrual self-care to

write a comprehensive pool of potential self-efficacy items. To this end, we first reviewed

global literature on girls’ menstrual experiences to identify categories of tasks related to

addressing menstrual needs: obtaining menstrual materials; using, changing, disposing, and/

or washing menstrual materials; keeping bodies clean during menstruation; reducing men-

strual pain or discomfort; seeking support, help or advice related to menstruation; and coping

with stress or anxiety related to menstruation.

Then, between August 2017 and February 2018, we conducted nine focus group discussions

(FGDs) with schoolgirls from Classes 4–10 to explore how they understood the meaning of

Fig 2. Questionnaire instructions and response options developed for the Self-Efficacy in Addressing Menstrual

Needs Scale, tested in Bangladesh, 2017–2018.

https://doi.org/10.1371/journal.pone.0275736.g002
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menstrual management and to identify various tasks they viewed as part of meeting menstrual

needs across the identified categories. We used participatory activities based on vignettes (S2

Fig) to facilitate discussion due to the research topic being socially proscribed and the potential

for participants to feel shy discussing menstruation in a group.

To recruit and select participants, we worked with female schoolteachers to explain the pur-

pose of the research in classrooms of female students and compile a list of post-menarcheal

girls by class level and approximate time since menarche. Schoolgirls voluntarily self-identified

their eligibility in the absence of males. We then instructed eligible participants on how to

request written consent from parents to participate in the study and requested students return

signed consent forms to us the following day. We later purposively selected participants from

this master list of eligible girls for each data collection episode according to class level and

length of time since menarche. Focus group discussions were convened with privacy in empty

classrooms. They were conducted in Bengali (Bangla) and lasted 84 minutes on average. The

study team took detailed field notes and debriefed immediately after each FGD to expand field

notes, chart findings, write analytic memos, and to make sampling decisions for subsequent

FGDs. We charted findings from each FGD by completing a table with columns for 1) men-

strual care tasks identified across various categories, 2) situations that would make those tasks

more difficult, and 3) situations that would make the tasks less difficult. FGDs were audio

recorded so we could check any gaps in field notes, but full transcriptions were not produced

for the analyses presented in this paper. Data collection continued until we stopped identifying

new tasks and felt confident we could write a sufficiently large pool of potential scale items [18,

19]. Using these data and our review of the literature, we wrote an initial pool of 50 items,

including items at varying levels of difficulty to avoid a ceiling effect in the final scale.

Phase 2: Assessment of questionnaire content validity

We invited five global experts on menstrual health and hygiene to provide feedback in March

2018 via online survey to assess content validity of the initial pool of 50 draft items. Experts

provided qualitative feedback regarding our conceptualization of the construct and then rated

the relevance of each item from 1–4 where 1 = not relevant, 2 = unable to assess relevance with-
out item revision, 3 = relevant but needs minor alteration, and 4 = very relevant and succinct.
They also provided comments on the clarity of each item and made suggestions for revision.

We revised items with average ratings of less than 4 according to experts’ suggestions.

Phase 3: Iterative pretesting and questionnaire refinement

Pretesting using cognitive interviews. In February and March 2018, we conducted cog-

nitive interviews to pretest and refine the pool of draft items. Cognitive interviewing enables

survey developers to examine whether participants can easily understand questions and

whether they interpret items the way they were intended—which aids in identifying concrete

suggestions for improving items and response options [20]. We conducted 21 cognitive inter-

views in iterative rounds (2–6 interviews per round) with girls in Classes 5–10 in the same

urban and rural schools where we had conducted FGDs. This iterative approach enabled us to

identify and address issues with items and test revised versions until we achieved a good match

between each item’s intent and participants’ interpretations [21]. We purposively selected girls

from the master list of eligible students who had not previously participated in FGDs and

according to time since menarche to ensure a range of familiarity with menstrual care.

Cognitive interviews were conducted privately in empty classrooms. Study team members

used a field guide that contained all draft items being tested, each with suggested probing ques-

tions and blank space for field notes. We encouraged participants to express their thoughts
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aloud as they interpreted the items, searched their memory to formulate an answer, and chose

how to select a response from the response scale [22, 23]. Study team members also probed

concurrently to encourage participants to verbalize their thought processes and to explore any

confusion that arose or uncertainty over word meanings or instructions [24]. We applied both

proactive (anticipated and spontaneous) and reactive (conditional and emergent) probes [24,

25]. Interviews were conducted in Bengali, typically lasted 1–1.5 hours, and were audio

recorded for verification purposes but not transcribed. Led by the first author, the study team

convened immediately after interviews to debrief, combine field notes from all interviews, and

revise items to improve clarity. The revised list of items served as the field guide for the follow-

ing round. Items were dropped before final field piloting if they were not comprehensible dur-

ing cognitive interviewing despite multiple efforts at revision or if response frequency

distribution charts showed very little variation in quantitative responses.

Field piloting the scale questionnaire. We conducted a final field pilot in two rounds in

April 2018 with a total of 13 girls selected by convenience from Classes 8–10 in an urban

school to determine how long it took them to complete the revised pool of 35 items and if they

could do so without assistance. The iterative approach provided an opportunity to make

adjustments between rounds if necessary. We asked retrospective probing questions after girls

completed the tool to check whether their interpretation of items matched our intention [20,

24]. We dropped one item following field piloting, leaving a total of 34 items to be formally

tested in Phase 4.

Phase 4: Psychometric testing

Study sample and survey procedures. In April 2018, we leveraged the main study’s end-

line survey in the four intervention schools (two urban, two rural) to collect data for assessing

the dimensionality, reliability, and validity of the 34-item menstrual care self-efficacy tool and

to determine which, if any, items should be dropped. The main study’s endline survey was

administered to 528 girls randomly selected from class rosters. After completing the survey,

only girls who had experienced menstruation were directed to two study team members who

oversaw the self-efficacy sub-study survey.

Study team members provided brief verbal instructions to participants (one-to-one or in

small groups) and conducted the “pen test” for comprehension of the instructions before ask-

ing each participant to complete the pen-and-paper questionnaire on her own. A random sub-

sample of 42 girls completed the questionnaire again approximately two weeks later to test

temporal stability. Data from the hardcopy questionnaires were entered into a spreadsheet by

one study team member and checked by one or two others to ensure fidelity.

Survey measures. The self-efficacy sub-study survey had two sections: the first comprised

34 self-efficacy items for formal testing (S1 File). The second section comprised three addi-

tional measures for use in the assessment of the self-efficacy tool’s construct validity: the Ben-

gali (Bangla) versions [26] of the Beck Self-Concept Inventory for Youth (BSCI-Y) and Beck

Anxiety Inventory for Youth (BAI-Y) [27], and our Bengali translation of the Social Self-Effi-

cacy Scale [28].

Although often conflated, self-efficacy is a construct related to yet distinct from self-concept

or self-worth [12]. Therefore, we expected not to see a strong correlation between the self-effi-

cacy tool and the BSCI-Y. Informed by self-efficacy theory, we anticipated that self-efficacy

scores would be negatively correlated with measures of anxiety. However, since the BAI-Y is

not a specific measure of menstrual-related state anxiety, we hypothesized that correlations

would be low to moderate. We included social self-efficacy as a validation measure because

some of our tool’s items involve interacting with and obtaining assistance from others to
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address menstrual needs. Although we hypothesized there would be a positive correlation

between scores on our tool and Social Self-Efficacy Scale scores, we wanted to ensure that our

finalized measure was not so highly correlated with the construct of social self-efficacy that it

would not provide any additional utility.

Additional items from the main study’s endline survey were used for validity testing. The

items “During my last period, I felt anxious at school because of my menstruation” and “Dur-

ing my last period, I felt comfortable at school” served as indicators of anxious arousal more

specifically related to menstrual experiences than the BAI-Y. The item “I prefer to stay at home

during my period” was used to validate whether girls with lower self-efficacy scores tended to

desire avoidance of contexts that make addressing menstrual needs challenging. Participants’

responses to these items on a 6-point Likert-type response scale of 1 = strongly agree to

6 = strongly disagree were dichotomized as “agree” or “disagree” for this analysis.

We hypothesized that girls’ self-efficacy scores would positively correlate with time

(months) since menarche, calculated from two items on the main study’s survey: current age

and age when menstruation first began.

(See S2 File for additional details of the survey measures.)

Analytic strategy for psychometric testing. We applied factor analysis methods to

empirically explore how many unobservable constructs underlie the set of 34 formally tested

items. This was to provide an understanding of whether self-efficacy in addressing menstrual
needs should best be measured in our sample as one broad construct or rather through multi-

ple more specific constructs (or “sub-scales”) [29]. In preparation for the exploratory factor

analysis (EFA), we assessed all items for missing values, examined charts of item response fre-

quency distributions, and performed tests of multivariate normality using the STATA com-

mand “omninorm” [30]. We then examined the item correlation matrix and used Bartlett’s

test of sphericity [31] to ensure the data showed mild collinearity. Lastly, sampling adequacy

was assessed using the Kaiser-Meyer-Olkin (KMO) measure (with a prioriminimum accept-

able threshold set at 0.50) [32].

We applied three methods to determine the number of factors to extract in EFA. We first

conducted a principal components analysis (PCA) to identify how many components had

eigenvalues greater than one. We then examined a scree plot and performed a parallel analysis

test. We tested whether the extracted factors were correlated above Tabachnick and Fidell’s

threshold of 0.32 [33], and subsequently used oblimin oblique normalized rotation. We made

an a priori decision to consider dropping items that failed to load at least 0.30 on any factor

during EFA, or if any items loaded highly on more than one factor [34].

Internal consistency was assessed for each sub-scale by calculating Cronbach’s α and by

examining the average and individual interitem correlations [35, 36]. Items that contributed

poorly to internal consistency were considered for elimination. We calculated sub-scale scores

for each observation by calculating the sum of responses for each retained item divided by the

total number of items in the sub-scale. Temporal stability was assessed by retesting a subsam-

ple of girls two weeks after the first administration of the survey and calculating the concor-

dance correlation coefficient for scale scores at the two time points. Bland-Altman plots were

also examined to assess test-retest agreement in individuals’ scores. The time interval between

test and retest was chosen to minimize the chance of substantial real changes in self-efficacy

beliefs.

We examined initial evidence for construct validity in our sample by assessing relationships

between self-efficacy scale scores and other validation measures. For validation measures

treated as continuous, we created scatter plots to visualize the relationships and calculated

Spearman correlations. For dichotomous variables, we performed Wilcoxon rank-sum tests to
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test for differences in distributions of self-efficacy scores between groups. All analyses were

conducted using Stata, version 14.2 (StataCorp LP, College Station, TX).

Results

Feasibility testing of questionnaire format, instructions, and response

options

The 404 girls who participated in the feasibility testing of the tool’s intended format, instruc-

tions, and response options ranged in age from 10 to 18. Our observation of the feasibility test-

ing and debriefing with the survey enumerator team indicated that enumerators found it easy

to explain the instructions for the self-efficacy items and the item format made sense to the

schoolgirls. Enumerators found that the “pen test” enabled them to quickly identify and clarify

girls’ misunderstandings about the response options.

Item pool development

A total of 51 girls ages 11–16 years participated in the nine FGDs (socio-demographic infor-

mation available in S1 Table). Five FGDs (3 urban, 2 rural) involved girls who were two years

or less post-menarche while four FGDs (2 urban, 2 rural) involved girls who had been men-

struating for more than two years. A summary of example menstrual care tasks discussed by

our FGD participants, along with the conditions under which those tasks might be made more

difficult or less difficult to enact is available in S2 Table. This chart guided the development of

our initial pool of 50 draft scale items.

We had not included “being prepared for menstruation” as an a priori category of men-

strual care tasks in the participatory activities, yet its salience to schoolgirls was identified in

FGDs. We therefore also drafted items within this category (e.g., items regarding a girl’s confi-

dence in her capability to track her menstrual cycle or estimate approximately when her next

period will begin—which involve body literacy).

Expert validation exercise

Four out of the five invited experts participated in the content validation exercise. The overall

average relevance rating for items was 3.52 out of 4. Experts did not suggest the inclusion of

additional categories of tasks, therefore indicating our initial item pool appeared to have good

content validity. No items were dropped solely based on expert feedback.

Cognitive interviews

Cognitive interview participants were ages 11–16 years (socio-demographic information avail-

able in S1 Table). Thirteen girls (9 urban, 4 rural) were 6–24 months post-menarche, and 8

girls (6 urban, 2 rural) had reached menarche more than two years prior.

Most item revisions performed after each round of cognitive interviews concerned word

choice and sentence structure. However, most items in the category of “keeping bodies clean

during menstruation” were dropped due to lack of variation in responses during cognitive

interviews. All girls interviewed felt fully confident they could wash their genital area and body

as needed during their menstrual periods; therefore, such items would not contribute mean-

ingfully to a scale that is intended to differentiate among girls with varying self-efficacy beliefs

in this context. We also dropped items referring to the washing and drying of menstrual mate-

rials, because girls who only used disposable materials were unsure how to respond. We

retained items referring to disposal of menstrual materials since even those who use cloth
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eventually dispose of it. Revisions based on cognitive interviewing reduced the pool of draft

items from 50 to 35.

The items were intended to be relevant for girls regardless of the type of menstrual materials

they use, but cognitive interviews revealed the difficulty in selecting a generic term to encom-

pass any type of material used for absorbing or collecting menstrual blood. Therefore, each

time the term “menstrual material” appeared in an item, we added a list of the most commonly

used materials in this context so girls could more easily understand what was being referenced

(e.g., pad, cloth, cotton, tissue, etc.). Table 1 displays two selected examples of item revisions

based on cognitive interview findings.

During cognitive interviews we noticed that girls were better able to focus on, process, and

respond to the items when they could read them themselves. We therefore shifted from devel-

oping an interviewer-administered self-efficacy scale to a self-administered one, which would

reduce administration time.

Field piloting

The average time to complete the 35 items during final field piloting was 15.5 minutes with a

range of 10 to 22 minutes. Girls requested little clarification about item meanings during ques-

tionnaire administration, and retrospective probing indicated that most girls had understood

the items as intended. After piloting, we further clarified wording in items about pain manage-

ment and removed an item that asked about confidence to reduce abdominal pain “by a

medium amount” because of its similarity to other items and the need to reduce administra-

tion time.

Table 1. Example item revisions based on findings from cognitive interviews with schoolgirls during the develop-

ment of the Self-Efficacy in Addressing Menstrual Needs Scale in Bangladesh, 2018.

Original item Problems identified Revised item(s)

“How confident are you that you
can do the things necessary to
manage your period when you are
visiting someone else’s house where
both males and females are
present?”

Meaning of “manage your period” was

not readily understood

Answers were very different depending

on whether girls imagined “someone

else’s house” referring to that of a

family member versus that of a

stranger

“Imagine you are at a relative’s home
and it becomes necessary to change
the menstrual material you’re
wearing (such as: pad, cloth, tissue,
cotton, etc.). How confident are you
that you can change it there?”
“How confident are you that you can
change your menstrual material
(such as: pad, cloth, tissue, cotton,

etc.) if it becomes necessary while
you’re at a female friend’s house
(without returning to your own
home)?”

“How confident are you that you
can track your menstrual cycle on
the calendar?”

Meaning of “track your menstrual

cycle” was not readily understood

Girls reported low confidence not due

to their incapacity to track their cycles

per se (the specific task of interest), but

rather because families commonly have

only one calendar. It would be

embarrassing to mark certain days on

the calendar where others could see it.

The specific method of tracking cycle

length is not particularly important, so

item should be revised to be relevant

for girls who use any method.

“How confident are you that you can
count/keep track of your period
days?”

https://doi.org/10.1371/journal.pone.0275736.t001
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Survey sample characteristics

Of 382 girls who indicated on the main study’s endline survey they had reached menarche, 381

completed the self-efficacy sub-study survey. No items were missing values among the 381

completed surveys. S3 Table displays the characteristics of participants disaggregated by urban

and rural. The mean age was 14 years (SD = 1.5), and mean age at menarche was approxi-

mately 12 years (SD = 1.2). Regarding type of menstrual materials used, 61.7% of girls reported

using disposable pads while in their homes, and 58.3% reported using pieces of cloth and/or

reusable pads to absorb menses (participants could select multiple options). While away from

home, 70.3% reported using disposable pads and 41.2% reported using pieces of cloth and/or

reusable pads. The majority (66.4%) of girls reported experiencing menstrual pain during their

last period, with 41.1% of those respondents describing their pain as “severe.” For those girls

experiencing menstrual pain, most (55.3%) reported a one-day duration of pain.

Item reduction and scale dimensionality

We present item response mean, standard deviation, skew, and kurtosis for all 34 self-efficacy

items in S4 Table. We display the items we dropped during the psychometric testing and our

rationales in S5 Table. We dropped four self-efficacy items because they showed very little vari-

ation in responses, and thus would not contribute meaningfully to a scale [35]. We dropped

two additional items because they did not correlate with any other items at a level of at least

0.30 [37]. The Bartlett’s test of sphericity [31] for the retained 28 items was significant

(p< 0.001) and the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy was 0.88, indi-

cating our data were appropriate for factor analysis [32, 37, 38].

We employed iterated principal factors as our method of factor extraction due to the data

not being multivariate normal. Performing a PCA on the retained 28 items showed seven com-

ponents with eigenvalues greater than one. The scree plot showed an elbow at three factors,

and the parallel analysis test suggested a 3-factor solution. In the subsequent 3-factor EFA, the

item that assessed a girl’s confidence in her capability to remove a bloodstain from her clothes

while at school failed to load at least 0.30 on any factor, so we dropped this item and re-ran the

EFA. Upon assessing internal consistency of the three factors, we determined that dropping an

item that asked about a girl’s confidence in her capabilities to use hot fomentation to reduce

menstrual pain would increase the second factor’s internal consistency. The 26-item, 3-factor

final model accounted for 43.5% of the total variance. Table 2 displays the rotated factor load-

ings (pattern matrix) and uniqueness for this final model, while Table 3 displays the structure

matrix consisting of correlations between items and the rotated factors. Table 4 displays the

correlations among the three factors.

All 17 items loading on factor 1, which we labeledMenstrual Hygiene Preparation and
Maintenance (MHPM), measured girls’ confidence in their capabilities to accomplish tasks

related to obtaining, using, and changing menstrual materials in a variety of contexts; seeking

assistance for menstrual hygiene when needed; and anticipating days of bleeding (factor load-

ings: 0.31–0.60). All five items loading on factor 2, labeledMenstrual Pain Management
(MPM), measured confidence in mitigating menstrual pain (factor loadings: 0.59–0.87). The

four items loading on factor 3, labeled Executing Stigmatized Tasks (EST)measured girls’ con-

fidence in their capabilities to accomplish menstrual care tasks that are heavily affected by

menstrual stigma—particularly involving the risk of disclosing menstrual status in the pres-

ence of males (factor loadings: 0.41–0.95). We refer to the finalized tool (S3 and S4 Files) as the

Self-Efficacy in Addressing Menstrual Needs Scale (SAMNS-26).
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SAMNS-26 scores

The mean MHPM sub-scale score for all 381 participants was 74.4 (SD = 16.6) with a range of

23.5 to 100. The mean MPM sub-scale score was 64.7 (SD = 26.5) with a range of 0 to 100. The

mean EST sub-scale score was 45.5 (SD = 28.6) with a range of 0 to 100. Table 5 displays mean

scores disaggregated by geography and use of disposable pads while away from home during

the most recent menstrual period. Girls in urban schools tended to have slightly higher scores

than girls in rural schools across all three sub-scales, although the differences were not signifi-

cant. Girls who ever used disposable pads while away from their home during their most

Table 2. Factor loadings based on exploratory factor analysis with oblimin oblique normalized rotation of 26 retained Self-Efficacy in Addressing Menstrual Needs

items (n = 381).

Abbreviated item Factors Unique-

ness1 (MHPM) 2 (MPM) 3 (EST)

SE2: Imagine you are at a relative’s home and it becomes necessary to change the menstrual material you’re wearing. . .

you can change it there

0.31 0.04 0.19 0.80

SE3: . . . you can change your menstrual material at school if it becomes necessary 0.53 -0.13 -0.07 0.79

SE5: . . . you can change your menstrual material if it becomes necessary while you’re at a female friend’s house 0.53 -0.05 0.14 0.64

SE7: . . . you can properly use a menstrual material so that menstrual blood does not stain your clothing while

participating in school sports

0.49 0.06 -0.04 0.75

SE8: . . . you can participate in your normal daily activities during your period without worry that your menstrual

material will become displaced

0.50 0.00 0.10 0.69

SE9: . . .you can walk quickly during your period without your menstrual material becoming displaced 0.60 -0.08 0.02 0.66

SE11: If the menstrual material that you use most often is not available. . .you can use another type of menstrual material

instead

0.38 0.03 0.10 0.79

SE12: . . . you can lie down during your period without bloodstaining the bed sheet during the night 0.55 0.09 -0.12 0.70

SE13: . . . you are able to try to reduce abdominal pain during your period if it becomes necessary 0.27 0.59 -0.19 0.52

SE14: . . . you can reduce abdominal pain during your period 0.04 0.82 -0.02 0.31

SE17: . . . you can dispose of a used menstrual material if a male person is nearby 0.16 0.03 0.42 0.72

SE19: . . . you are at school and your period starts but you have not brought your own menstrual material. . .you are able

to obtain a menstrual material somehow in that moment to meet your need while still at school

0.52 0.02 0.02 0.71

SE20: . . .if necessary, you’re able to ask a female friend for a menstrual material 0.38 0.08 0.02 0.81

SE21: . . . you can take help from a female teacher if you face a menstrual-related problem at school 0.56 0.04 -0.01 0.67

SE22: . . . you can ask aya� for help regarding your menstruation if a male teacher is nearby 0.21 0.11 0.41 0.65

SE23: Imagine pads are available at school. . .you can go ask for a pad by yourself when you need it, without the help of

friends

0.49 0.01 0.21 0.60

SE24: Imagine you have the money to purchase a pad. . .you can ask a male seller at a pharmacy for a pad 0.10 -0.05 0.67 0.49

SE25: Imagine you have the money to purchase a pad. . .you can ask a pharmacy seller for a pad when there are male

persons around

-0.03 0.02 0.95 0.12

SE26: . . . you can roughly predict when your period is about to start 0.38 0.20 0.06 0.72

SE27: . . . you are able to prevent bloodstaining your clothing even while traveling a long distance during your period 0.41 0.10 0.04 0.77

SE28: . . . if Sir/Madam asks a question in class, you can stand up to answer during your period without worry that you

have bloodstained your clothing

0.53 0.00 0.10 0.65

SE29: . . . when you need menstrual materials you can obtain them even if a trusted female is not available at home 0.34 0.06 0.19 0.76

SE30: . . . you can count/keep track of your period days 0.34 0.19 0.10 0.75

SE32: . . . you can usually reduce your abdominal pain by a small amount 0.17 0.66 -0.05 0.46

SE33: . . . you can usually reduce most of your abdominal pain -0.14 0.87 0.12 0.27

SE34: . . . you can usually reduce your abdominal pain completely -0.10 0.79 0.09 0.40

Notes: Factor loadings over 0.30 in bold;MHPM Menstrual hygiene preparation and maintenance, MPM Menstrual pain management, EST Executing stigmatized tasks

�aya refers to the women who worked in the study schools as janitors and caretakers. Schoolgirls typically had friendly relationships with these women, and if the school

provided any menstrual pads for emergencies, it was typically the aya who could give one to a student.

https://doi.org/10.1371/journal.pone.0275736.t002
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recent menstrual period tended to have slightly higher scores on all three sub-scales than girls

who only used other types of menstrual materials, although the differences were small and not

statistically significant.

Table 3. (Structure matrix) correlations between Self-Efficacy in Addressing Menstrual Needs items and the obli-

min oblique normalized rotated common factors (n = 381).

Abbreviated item Factors

1 2 3

SE2: Imagine you are at a relative’s home and it becomes necessary to change the menstrual

material you’re wearing. . . you can change it there

0.42 0.21 0.35

SE3: . . . you can change your menstrual material at school if it becomes necessary 0.44 0.07 0.16

SE5: . . . you can change your menstrual material if it becomes necessary while you’re at a female

friend’s house

0.58 0.21 0.40

SE7: . . . you can properly use a menstrual material so that menstrual blood does not stain your

clothing while participating in school sports

0.49 0.25 0.22

SE8: . . . you can participate in your normal daily activities during your period without worry that

your menstrual material will become displaced

0.55 0.23 0.35

SE9: . . .you can walk quickly during your period without your menstrual material becoming

displaced

0.58 0.17 0.31

SE11: If the menstrual material that you use most often is not available. . .you can use another

type of menstrual material instead

0.45 0.21 0.30

SE12: . . . you can lie down during your period without bloodstaining the bed sheet during the

night

0.53 0.29 0.18

SE13: . . . you are able to try to reduce abdominal pain during your period if it becomes necessary 0.42 0.65 0.09

SE14: . . . you can reduce abdominal pain during your period 0.37 0.83 0.20

SE17: . . . you can dispose of a used menstrual material if a male person is nearby 0.38 0.20 0.51

SE19: . . . you are at school and your period starts but you have not brought your own menstrual

material. . .you are able to obtain a menstrual material somehow in that moment to meet your

need while still at school

0.54 0.24 0.29

SE20: . . .if necessary, you’re able to ask a female friend for a menstrual material 0.43 0.25 0.24

SE21: . . . you can take help from a female teacher if you face a menstrual-related problem at

school

0.57 0.27 0.28

SE22: . . . you can ask aya�for help regarding your menstruation if a male teacher is nearby 0.46 0.30 0.54

SE23: Imagine pads are available at school. . .you can go ask for a pad by yourself when you need

it, without the help of friends

0.60 0.27 0.46

SE24: Imagine you have the money to purchase a pad. . .you can ask a male seller at a pharmacy

for a pad

0.42 0.15 0.71

SE25: Imagine you have the money to purchase a pad. . .you can ask a pharmacy seller for a pad

when there are male persons around

0.45 0.24 0.94

SE26: . . . you can roughly predict when your period is about to start 0.49 0.37 0.30

SE27: . . . you are able to prevent bloodstaining your clothing even while traveling a long distance

during your period

0.47 0.28 0.27

SE28: . . . if Sir/Madam asks a question in class, you can stand up to answer during your period

without worry that you have bloodstained your clothing

0.58 0.25 0.37

SE29: . . . when you need menstrual materials you can obtain them even if a trusted female is not

available at home

0.46 0.24 0.38

SE30: . . . you can count/keep track of your period days 0.47 0.35 0.31

SE32: . . . you can usually reduce your abdominal pain by a small amount 0.42 0.72 0.20

SE33: . . . you can usually reduce most of your abdominal pain 0.28 0.84 0.26

SE34: . . . you can usually reduce your abdominal pain completely 0.27 0.77 0.22

�aya refers to the women who worked in the study schools as janitors and caretakers. Schoolgirls typically had

friendly relationships with these women, and if the school provided any menstrual pads for emergencies, it was

typically the aya who could give one to a student.

https://doi.org/10.1371/journal.pone.0275736.t003
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Scale reliability

Internal consistency. Each of the three SAMNS-26 sub-scales showed good internal con-

sistency in our sample. The MHPM sub-scale had a Cronbach’s α of 0.86 and an average inter-

item correlation of 0.26 (range from 0.26 to 0.27), the MPM sub-scale had an α of 0.87 and an

average interitem correlation of 0.58 (range from 0.55 to 0.63), and the EST sub-scale had an α
of 0.77 and an average interitem correlation of 0.46 (range from 0.37 to 0.52).

Temporal stability. The SAMNS-26 sub-scales showed good temporal stability after a

mean interval of 15 days (Table 6). The concordance correlation coefficient for the MHPH

sub-scale at time 1 and time 2 for the 42 girls who retested was 0.80 (95% CI = 0.69–0.91), for

the MPM sub-scale 0.70 (95% CI = 0.56–0.85), and the EST sub-scale 0.71 (95% CI = 0.56–

0.86). Bland-Altman plots indicated that differences between individuals’ scores at time 1 and

2 tended to be smaller as average scale score increased, thus the measure had poorer temporal

stability for those at the very lowest scale scores.

Construct validity

SAMNS-26 sub-scores performed generally as expected in relation to validation measures

(Table 7). The Beck Anxiety Inventory for Youth (BAI-Y) was negatively correlated with the

MHPM sub-scale at -0.33, MPM at -0.17, and EST at -0.19. The Beck Self-Concept Inventory

for Youth (BSCI-Y) was positively correlated with the MHPM sub-scale at 0.32, MPM at 0.19,

and EST at 0.18. Our Bengali version of the Social Self-Efficacy Scale showed questionable

internal consistency (α = 0.66) in our sample and was positively correlated with the SAMNS-

26 sub-scales. The MHM sub-scale—which included the most items that required enlisting

assistance from others—correlated the most strongly at 0.40. The EST sub-scale to a lesser

degree contained items that required interaction with others, and it correlated with the Social

Self-Efficacy Scale at 0.26. The MPM sub-scale correlated at 0.21. All correlations with valida-

tions measures were statistically significant with p< 0.01.

Table 4. Correlations among oblimin oblique normalized rotated common factors.

Factors Factor 1 (MHPM) Factor 2 (MPM) Factor 3 (EST)

Factor 1 (MHPM) 1.00

Factor 2 (MPM) 0.41 1.00

Factor 3 (EST) 0.50 0.24 1.00

Note:MHPM Menstrual hygiene preparation and maintenance,MPM Menstrual pain management, EST Executing

stigmatized tasks

https://doi.org/10.1371/journal.pone.0275736.t004

Table 5. Self-Efficacy in Addressing Menstrual Needs scores by geography and menstrual materials used while away from home during last menstrual period

(n = 381).

Geography Menstrual material used while away from home during last

period

Urban (n = 200) Rural (n = 181) Used disposable pad (n = 268) Used other materials (n = 113)

SAMN Menstrual Hygiene Preparation and Maintenance 76.0 (15.8) 72.5 (17.2) 74.6 (15.7) 73.7 (18.5)

SAMN Menstrual Pain Management 65.9 (26.0) 63.3 (27.0) 65.6 (25.4) 62.3 (28.8)

SAMN Executing Stigmatized Tasks 46.5 (30.0) 44.4 (27.0) 46.6 (28.3) 42.9 (29.2)

SAMNS Total 69.5 (16.6) 66.4 (16.8) 68.6 (16.0) 66.7 (18.4)

Note: Numbers are mean (SD)

(No differences between groups were significant at a level of p<0.05 based on Wilcoxon rank-sum tests)

https://doi.org/10.1371/journal.pone.0275736.t005
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Table 8 displays SAMNS-26 sub-scale scores according to girls’ responses to three valida-

tion items from the main study’s endline survey. Wilcoxon rank-sum tests indicated that those

who endorsed the item “During my last period, I felt anxious at school because of my menstru-

ation,” had lower scores across SAMNS-26 sub-scales than those who disagreed with the state-

ment. Conversely, those who endorsed the item “During my last period, I felt comfortable at

school,” had higher scores across SAMNS-26 sub-scales than those who disagreed with the

statement. Those who endorsed the item “I prefer to stay at home during my period,” had

lower scores across SAMNS-26 sub-scales than those who disagreed. All differences were sig-

nificant at level p< 0.01 except for the differences in MPM sub-scale scores for each validation

item, which were not statistically significant. SAMNS-26 sub-scale scores were not significantly

correlated with months since menarche (MHPM: ρ = 0.01, p = 0.80; MPM: ρ = -0.02, p = 0.71;

EST: ρ = -0.07, p = 0.18).

Discussion

We developed and tested items for inclusion on the Self-Efficacy in Addressing Menstrual

Needs Scale—a tool for assessing schoolgirls’ confidence in their capabilities to accomplish

tasks involved in addressing their menstrual needs. We developed an initial item pool

grounded in a review of the existing literature and data from focus group discussions with

schoolgirls. We sought input on our conceptualization of the construct and initial item pool

from menstrual health experts and incorporated their feedback during item revision. An itera-

tive process of cognitive interviewing, revising, and field piloting resulted in a 34-item scale

questionnaire which we administered in a survey of 381 schoolgirls in Bangladesh. Through

exploratory factor analysis and reliability and validity analyses, we reduced the questionnaire

to a final 26-item version (SAMNS-26) comprising three intercorrelated sub-scales that each

reliably measure distinct yet associated sub-domains of the larger SAMN construct: menstrual

hygiene preparation and maintenance self-efficacy, self-efficacy in executing stigmatized tasks,

and menstrual pain management self-efficacy.

The 17-item MHPM sub-scale includes items regarding self-efficacy in preparing for men-

struation (e.g., tracking one’s cycle and anticipating days of bleeding), accomplishing various

tasks related to maintaining menstrual hygiene (e.g., obtaining, using, cleaning, and disposing

Table 6. Temporal stability of Self-Efficacy in Addressing Menstrual Needs Scale (SAMNS) scores after mean interval of 15 days (n = 42).

Sub-Scales First testing Second testing Concordance Correlation Coefficient (95% CI)

M SD M SD

Menstrual hygiene preparation and maintenance 74.4 16.6 75.6 17.9 0.80 (0.69–0.91)

Menstrual pain management 64.7 26.5 70.6 21.3 0.70 (0.56–0.85)

Executing stigmatized tasks 45.5 28.6 54.8 28.3 0.71 (0.56–0.86)

SAMNS Total 68.1 16.8 71.4 18.2 0.82 (0.72–0.92)

https://doi.org/10.1371/journal.pone.0275736.t006

Table 7. Correlations between Self-Efficacy in Addressing Menstrual Needs Scale (SAMNS) scores and validation measures (n = 381).

Beck Anxiety Inventory-Youth Beck Self-Concept Inventory-Youth Social Self-Efficacy Scale

Menstrual hygiene preparation and maintenance -0.33� 0.32� 0.40�

Menstrual pain management -0.17� 0.19� 0.21�

Executing stigmatized tasks -0.19� 0.18� 0.26�

SAMNS Total -0.31� 0.31� 0.38�

� p < 0.01

https://doi.org/10.1371/journal.pone.0275736.t007
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menstrual materials in a variety of contexts), and seeking assistance when needed. The MHPM

sub-scale was most highly correlated with the 4-item EST sub-scale, which also included items

related to obtaining and disposing menstrual materials and seeking assistance—but in situa-

tions where accomplishing the tasks involves greater risk of revealing one’s menstrual status to

a male person. The MHPM sub-scale was slightly less highly correlated with the MPM sub-

scale which assesses girls’ confidence in their capabilities to mitigate menstrual pain. The EST

and MPM sub-scales were weakly correlated. This indicates that even if a girl becomes highly

self-efficacious in executing stigmatized tasks to meet her menstrual hygiene needs, she could

still have relatively low self-efficacy in mitigating her menstrual pain effectively.

We modeled our MPM items after those of Bandura’s Pain Management Self-Efficacy scale

[13], adapting wording to focus on the mitigation of dysmenorrhea specifically. We focused

on abdominal pain because it was the most salient type of menstrual pain mentioned by girls

during our qualitative research, and the physical complaint most commonly reported by

schoolgirls in a previous study in Bangladesh [39]. However, we acknowledge that menstrual

pain and discomfort comprise a host of additional symptoms (e.g., headache, leg pain, etc.),

and could be heavily influenced by menstrual disorders such as endometriosis. Our study was

not able to distinguish between girls experiencing primary and secondary dysmenorrhea and

how this might affect their responses to the MPM sub-scale. Further research is warranted to

more clearly define this sub-domain, identify additional items that could strengthen the MPM

sub-scale’s content validity, and explore what impact the experience of secondary dysmenor-

rhea has on how girls interpret and respond to items. Self-efficacy theory would suggest that

changes in menstrual patterns may force girls to re-evaluate their self-efficacy beliefs as their

routinized methods for addressing their needs become disrupted. This hypothesis is supported

by a qualitative study of women with menstrual disorders in inner-city London which found

that women who experienced increased heaviness or irregularity of their menses lost confi-

dence in their previous strategies to “manage their menstruation” [40].

When researchers and program evaluators assess self-efficacy using single-item measures

or tools that measure confidence as a generalized personality trait, they do not account for the

Table 8. Mean Self-Efficacy in Addressing Menstrual Needs Scale (SAMNS) scores by responses to validation items (n = 381).

Overall SAMNS

Scores M (SD)

Menstrual Hygiene Prep &

Maintenance Sub-Scale Scores M

(SD)

Menstrual Pain Management

Sub-Scale Scores M (SD)

Executing Stigmatized Tasks

Sub-Scale Scores M (SD)

During my last period, I felt anxious at

school because of my menstruation

Agree 63.6 (17.4) 69.8 (17.1) 61.6 (28.4) 40.1 (29.2)

Disagree 70.9 (15.8) 77.2 (15.6) 66.6 (25.1) 49.0 (27.7)

Wilcoxon rank-sum test z = 3.8� z = 4.2� z = 1.5 z = 3.0�

During my last period, I felt

comfortable at school

Agree 69.9 (16.3) 76.1 (15.9) 66.3 (26.0) 48.3 (29.1)

Disagree 63.4 (17.0) 70.1 (17.5) 60.6 (27.3) 38.8 (26.2)

Wilcoxon rank-sum test z = -3.2� z = -3.1� z = -1.9 z = -2.8�

I prefer to stay at home during my

period

Agree 65.0 (16.4) 71.1 (16.3) 63.7 (27.2) 40.3 (28.1)

Disagree 71.9 (16.5) 78.3 (16.1) 65.9 (25.6) 52.0 (28.0)

Wilcoxon rank-sum test z = 4.2� z = 4.7� z = 0.66 z = 3.9�

�Difference significant at level p< 0.01

https://doi.org/10.1371/journal.pone.0275736.t008
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three dimensions of the self-efficacy construct as conceptualized by Bandura. We found it par-

ticularly important to account for the level/magnitude dimension of the construct by incorpo-

rating items that tap higher levels of difficulty in order to avoid creating a tool with a strong

ceiling effect, as recommended by researchers who developed a self-efficacy scale for diabetes

self-management in children [17]. They noted an early version of their diabetes self-manage-

ment scale had a strong ceiling effect because the items reflected many of the basic activities

necessary to manage diabetes that become routine to children who have managed their diabe-

tes for a few years [17]. We anticipated that similarly, many of the basic tasks required to

address one’s menstrual needs could quickly become routine for a girl who has experienced

many menstrual cycles. We therefore intentionally used the vignette activities in our focus

group discussions to understand where various tasks generally fall along a continuum of diffi-

culty for girls in our study context and thus enabled us to write sufficiently difficult items. As a

result, we did not see a strong ceiling effect in the SAMNS-26. To ensure future iterations of

the scale are appropriately targeted for other contexts, we recommend researchers conduct

similar vignette activities with their study population to elicit lists of locally relevant tasks and

their relative difficulty levels.

Our pretesting, piloting, and formal fielding of the scale questionnaire showed that girls in

our study context were able to easily understand items, and it can be largely self-administered.

However, girls in our study context had limited prior experience responding to questions

using Likert-type response options, so survey enumerators provided careful verbal instruc-

tions. During early feasibility testing, girls who did not understand the instructions correctly

the first time still provided responses to the test item rather than admitting they were unclear

on what was being asked of them. Survey enumerators were only able to detect and correct

miscomprehension by observing unreasonable responses to the test item. Bandura recom-

mended administering a physical performance test to help familiarize child respondents with

how to respond to self-efficacy scales [13]. To reduce measurement error, we likewise encour-

age researchers and program evaluators begin with a test of comprehension similar to the “pen

test” we used to ensure girls understood the instructions before completing the questionnaire

on their own [13]. Further research could explore ways of implementing an automated com-

prehension check (e.g., on a digital device) to enable fully self-administered and remote data

collection.

Our study provides initial evidence in support of the construct validity of the SAMNS-26.

Girls who scored higher on SAMNS-26 sub-scales reported lower feelings of anxiety and dis-

comfort, in keeping with self-efficacy theory. Girls with higher SAMNS-26 sub-scale scores

were also less likely to prefer to stay home during their menstrual periods. There was no signif-

icant correlation between the length of time since menarche and girls’ self-efficacy. This may

demonstrate that just as additional experience with menstruation provides girls opportunities

to increase their self-efficacy through successful enactive experience and witnessing successful

behavior modeling by similar others, it also provides opportunities to diminish self-efficacy.

Experiencing what girls may consider to be “failures” in meeting their menstrual needs—such

as experiencing visible blood stains on their clothing and being ridiculed for it—could have

negative effects on girls’ self-efficacy beliefs over time. This is consistent with the findings of

another study (published after our data collection took place) that used a single item measure

to assess girls’ confidence to manage their menstrual period at school in Bangladesh and found

no significant relationship between confidence and time since menarche [41].

The SAMNS-26 is designed for researchers and program implementers to include as part of

needs assessment exercises prior to developing menstrual health programs or as a measure on

pre- and post-intervention surveys to assess changes resulting from such programs. Incorpo-

rating self-efficacy measurement in menstrual health research can improve our understanding
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of the pathways through which antecedent factors impact experiences of menstruation and

subsequent outcomes related to health, wellbeing, and social participation [1]. We developed

the scale items based on our qualitative research that identified tasks schoolgirls in Bangladesh

carry out in meeting their menstrual needs; it was not our intention to develop a universal

measure for comparing schoolgirls’ self-efficacy beliefs across global contexts. Doing so would

sacrifice the scale’s explanatory and predictive power in the Bangladeshi context and thus be

less useful in guiding program development and evaluation locally.

However, the tool is general enough that it can be completed by girls regardless of their pre-

ferred type of menstrual material (e.g., pad, cloth, etc.) within the Bangladeshi context and

across both urban and rural communities. It can also be used as a model for structuring items,

response options, and instructions by those wishing to measure adolescent schoolgirls’ self-

efficacy in addressing their menstrual needs in contexts other than Bangladesh. This should be

accompanied by iterative pre-testing to ensure the items are locally relevant and easily inter-

pretable in the new setting. Our cognitive interview process can be used as an example

approach to pre-testing. Items that are extremely specific to our context may need to be

dropped or adapted before administering the tool in other settings. For example, our scale con-

tains an item referencing obtaining help from an aya—a female school staff member (with jan-

itorial and other support roles) who could unlock latrines and provide menstrual pads upon

request from students. A staff member with a similar role may not exist in other settings, but

the item might be adapted to refer to another trusted member of staff.

Limitations

Ideally our draft scale questionnaire would have contained 2–3 times the number of items we

retained in our final validated scale [35, 42]. However, we had to restrict our pool of potential

items to 34 due to time constraints of the larger survey on which this scale questionnaire was

tested. Resultantly, it is possible that we may not have enough items to fully tap all sub-

domains [43] and the SAMNS construct could comprise more than the three sub-domains

identified in our exploratory factor analysis. However, the rigor of the item development and

pretesting process may have translated to fewer, yet better performing, items. Further testing

of additional items across categories of menstrual care tasks (particularly regarding symptom

management) as well as confirmatory factor analyses in a new, larger sample is recommended

to determine if the factor structure remains consistent. Tests for measurement invariance

should also be performed [44] to verify whether the construct can be measured with the same

model across important sub-groups of schoolgirls, such as those with and without secondary

dysmenorrhea or menorrhagia. We also would have liked to test the psychometric properties

of the SAMNS-26 in a sample of schoolgirls with large variations in their physical and eco-

nomic environments. However, we were limited to only including participants who had

recently received a 6-month intervention intended to create more supportive school environ-

ments for menstruating girls. This may have resulted in reduced response variation across

items being tested given the more supportive than average school environment, which could

have led to some items being dropped from the final scale that would have performed well in

other samples. The SAMNS-26 was developed with schoolgirls, and therefore the perspectives

of girls who have dropped out or were never enrolled in school are not reflected in the tool.

Conclusion

We developed a 26-item scale comprising three sub-scales that measure schoolgirls’ self-effi-

cacy in addressing their menstrual needs. In our testing sample of 381 girls attending rural and

urban schools in Bangladesh, the scale demonstrated favorable reliability and construct
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validity. The SAMNS-26 can be used for further intervention research and menstrual health

program evaluations with schoolgirls in Bangladesh from the time of menarche up to Class 10

(age 17), providing a way to assess changes in self-efficacy beliefs over time. The tool enables

incorporation of self-efficacy into multivariate models for exploring the relationships among

antecedents to menstrual experiences and hypothesized impacts on health, wellbeing, and edu-

cation attainment. Additional testing of the tool in new samples in Bangladesh and other con-

texts globally is recommended to strengthen evidence of its validity. We recommend

researchers and program evaluators take a similar iterative approach to pretesting scale items

when adapting and revalidating the tool for new contexts.

Supporting information

S1 Fig. Integration of a self-efficacy sub-study to develop and validate the Self-Efficacy in

Addressing Menstrual Needs Scale within the main study ‘piloting MHM interventions

among urban and rural schools in Bangladesh’, 2017–2018.

(PDF)

S2 Fig. Example vignette activity as part of focus group discussions with schoolgirls during

the development of the Self-Efficacy in Addressing Menstrual Needs Scale in Bangladesh,

2017–2018.

(PDF)

S1 Table. Socio-demographic information of focus group discussion and cognitive inter-

view participants during the development of the Self-Efficacy in Addressing Menstrual

Needs Scale in Bangladesh, 2017–2018.

(PDF)

S2 Table. Exemplar tasks across categories which girls enact to address their menstrual

needs, as reported by schoolgirls in Bangladesh during focus group discussions for the

development of the Self-Efficacy in Addressing Menstrual Needs Scale, 2017–2018.

(PDF)

S3 Table. Characteristics of post-menarcheal schoolgirls who participated in a survey to

test items for the development of the Self-Efficacy in Addressing Menstrual Needs Scale in

Bangladesh, 2018.

(PDF)

S4 Table. Item response mean, standard deviation, skew, and kurtosis for 34 items for-

mally tested with schoolgirls (n = 381) for the development of the Self-Efficacy in Address-

ing Menstrual Needs Scale in Bangladesh, 2018.

(PDF)

S5 Table. Items dropped during psychometric analyses of responses from 381 post-menar-

cheal schoolgirls in Bangladesh during the testing of the Self-Efficacy in Addressing Men-

strual Needs Scale, 2018.

(PDF)

S1 File. The self-efficacy in addressing menstrual needs section of the self-efficacy sub-

study survey (34 items for formal testing).

(PDF)

S2 File. Description of survey measures included in the testing of the Self-Efficacy in

Addressing Menstrual Needs Scale in Bangladesh, 2018.

(PDF)

PLOS ONE Development and validation of the self-efficacy in addressing menstrual needs scale in Bangladeshi schools

PLOS ONE | https://doi.org/10.1371/journal.pone.0275736 October 6, 2022 19 / 22

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275736.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275736.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275736.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275736.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275736.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275736.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275736.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275736.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275736.s009
https://doi.org/10.1371/journal.pone.0275736


S3 File. Self-Efficacy in Addressing Menstrual Needs Scale (SAMNS-26) [English transla-

tion of Bengali version].

(PDF)

S4 File. Self-Efficacy in Addressing Menstrual Needs Scale (SAMNS-26) [Bengali version].

(PDF)

S5 File. Inclusivity questionnaire.

(DOCX)

Acknowledgments

We thank the girls who gave their time to participate in the study and the school staff who

enabled us to work in their schools. We acknowledge our icddr,b team members who contrib-

uted to portions of data collection: Shifat Khan, Farhana Akand Kona, Shirina Akter Shilpi,

Dr. Farjana Jahan, Shaan Muberra Khan, and Dr. Mehjabin Tishan Mahfuz. We acknowledge

Maxim Argho for his translation support in the broader study and Muhammad Kamal Uddin,

Professor and Chairman of the Department of Psychology at the University of Dhaka for his

Bangla version of the Beck Youth Inventory. We acknowledge Associate Professor Caitlin

Kennedy of the Johns Hopkins Bloomberg School of Public Health for her advisement to the

first author and the menstrual health experts who provided feedback on the draft items.

Author Contributions

Conceptualization: Erin C. Hunter.

Data curation: Erin C. Hunter, Mahbub-Ul Alam, Supta Sarker, Moshammot Mobashara,

Marufa Momata.

Formal analysis: Erin C. Hunter, Nazrin Akter.

Funding acquisition: Erin C. Hunter, Farhana Sultana, Peter J. Winch.

Investigation: Erin C. Hunter, Supta Sarker, Nazrin Akter, Moshammot Mobashara, Marufa

Momata.

Methodology: Erin C. Hunter, Sarah M. Murray, Peter J. Winch.

Project administration: Erin C. Hunter, Farhana Sultana, Supta Sarker, Nazrin Akter,

Moshammot Mobashara.

Resources: Mahbubur Rahman.

Software: Erin C. Hunter, Mahbub-Ul Alam, Supta Sarker.

Supervision: Erin C. Hunter, Sarah M. Murray, Farhana Sultana, Mahbubur Rahman, Peter J.

Winch.

Visualization: Erin C. Hunter.

Writing – original draft: Erin C. Hunter.

Writing – review & editing: Erin C. Hunter, Sarah M. Murray, Farhana Sultana, Mahbub-Ul

Alam, Supta Sarker, Mahbubur Rahman, Peter J. Winch.

PLOS ONE Development and validation of the self-efficacy in addressing menstrual needs scale in Bangladeshi schools

PLOS ONE | https://doi.org/10.1371/journal.pone.0275736 October 6, 2022 20 / 22

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275736.s010
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275736.s011
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275736.s012
https://doi.org/10.1371/journal.pone.0275736


References
1. Hennegan J, Shannon AK, Rubli J, Schwab KJ, Melendez-Torres GJ. Women’s and girls’ experiences

of menstruation in low- and middle-income countries: A systematic review and qualitative metasynth-

esis. PLoS Med. 2019; 16(5):e1002803. Epub 2019/05/17. https://doi.org/10.1371/journal.pmed.

1002803 PMID: 31095568; PubMed Central PMCID: PMC6521998.

2. Sommer M, Sahin M. Overcoming the taboo: advancing the global agenda for menstrual hygiene man-

agement for schoolgirls. Am J Public Health. 2013; 103(9):1556–9. Epub 2013/07/20. https://doi.org/10.

2105/AJPH.2013.301374 PMID: 23865645; PubMed Central PMCID: PMC3780686.

3. House SM T; Cavill S. Menstrual Hygiene Matters: a resource for improving menstrual hygiene around

the world. Reprod Health Matters. 2012; 21(41):257–9.

4. Sommer M, Caruso BA, Sahin M, Calderon T, Cavill S, Mahon T, et al. A Time for Global Action:

Addressing Girls’ Menstrual Hygiene Management Needs in Schools. PLoS Med. 2016; 13(2):

e1001962. Epub 2016/02/26. https://doi.org/10.1371/journal.pmed.1001962 PMID: 26908274; PubMed

Central PMCID: PMC4764363.

5. Sommer M, Hirsch JS, Nathanson C, Parker RG. Comfortably, Safely, and Without Shame: Defining

Menstrual Hygiene Management as a Public Health Issue. Am J Public Health. 2015; 105(7):1302–11.

https://doi.org/10.2105/AJPH.2014.302525 WOS:000362909400010. PMID: 25973831

6. Menstrual Hygiene a Human Rights Issue: A Simple Guide to Ending Discrimination, Abuse. Human

Rights Watch [Internet]. 2017 Feb 25, 2019. Available from: https://www.hrw.org/news/2017/08/27/

menstrual-hygiene-human-rights-issue.

7. Winkler I, Roaf V. Bringing the dirty linen out of the closet: Menstrual hygiene as a priority for achieving

gender equality. Cardozo J Law Gender. 2015; 21:1–37.

8. Hennegan JM. Menstrual Hygiene Management and Human Rights: The Case for an Evidence-Based

Approach. Womens Reprod Health (Phila). 2017; 4(3):212–31. https://doi.org/10.1080/23293691.2017.

1388720

9. Hennegan J, Montgomery P. Do Menstrual Hygiene Management Interventions Improve Education and

Psychosocial Outcomes for Women and Girls in Low and Middle Income Countries? A Systematic

Review. PLoS One. 2016; 11(2):e0146985. https://doi.org/10.1371/journal.pone.0146985 PMID:

26862750

10. Sommer M, Zulaika G, Schmitt M, Gruer (Eds.) C. Monitoring menstrual health and hygiene: measuring

progress for girls on menstruation, Meeting Report. New York & Geneva: Columbia University and

WSSCC; 2019.

11. Hennegan J, Brooks DJ, Schwab KJ, Melendez-Torres GJ. Measurement in the study of menstrual

health and hygiene: A systematic review and audit. PLoS One. 2020; 15(6):e0232935. Epub 2020/06/

05. https://doi.org/10.1371/journal.pone.0232935 PMID: 32497117; PubMed Central PMCID:

PMC7272008.

12. Bandura A. Self-Efficacy: The Exercise of Control. New York: W.H. Freeman and Company; 1997.

13. Bandura A. Guide for constructing self-efficacy scales. In: Pajares F, Urdan T, editors. Self-Efficacy

Beliefs of Adolescents. Greenwich, Connecticut: Information Age Publishing; 2005. p. 307–37.

14. Lunenburg FC. Self-Efficacy in the Workplace: Implications for Motivation and Performance. Int J

Manag Bus Admin. 2011; 14(1).

15. Mahfuz MT, Sultana F, Hunter EC, Jahan F, Akand F, Khan S, et al. Teachers’ perspective on imple-

mentation of menstrual hygiene management and puberty education in a pilot study in Bangladeshi

schools. Glob Health Action. 2021; 14(1):1955492. Epub 2021/08/03. https://doi.org/10.1080/

16549716.2021.1955492 PMID: 34338160; PubMed Central PMCID: PMC8330768.

16. Alam MU, Sultana F, Hunter EC, Winch PJ, Unicomb L, Sarker S, et al. Evaluation of a menstrual

hygiene intervention in urban and rural schools in Bangladesh: a pilot study. BMC Public Health. 2022;

22(1):1100. https://doi.org/10.1186/s12889-022-13478-1 PMID: 35655267; PMCID: PMC9161596.

17. Kappen M, van der Bijl J, Vaccaro-Olko M. Self-Efficacy in Children With Diabetes Mellitus: Testing of a

Measurement Instrument. In: Lenz E, Shortridge-Baggett L, editors. Self-Efficacy in Nursing Research

and Measurement Perspectives. New York: Springer Publishing Company; 2002. p. 31–42.

18. Glaser B, Strauss A. The Discovery of Grounded Theory: Strategies for Qualitative Research. Chicago:

Aldine; 1967.

19. Saunders B, Sim J, Kingstone T, Baker S, Waterfield J, Bartlam B, et al. Saturation in qualitative

research: exploring its conceptualization and operationalization. Qual Quant. 2018; 52(4):1893–907.

Epub 2017/09/14. https://doi.org/10.1007/s11135-017-0574-8 PMID: 29937585.

20. Hughes KA. Comparing Pretesting Methods: Cognitive Interviews, Respondent Debriefing, and Behav-

ior Coding. U.S. Census Bureau, 2004.

PLOS ONE Development and validation of the self-efficacy in addressing menstrual needs scale in Bangladeshi schools

PLOS ONE | https://doi.org/10.1371/journal.pone.0275736 October 6, 2022 21 / 22

https://doi.org/10.1371/journal.pmed.1002803
https://doi.org/10.1371/journal.pmed.1002803
http://www.ncbi.nlm.nih.gov/pubmed/31095568
https://doi.org/10.2105/AJPH.2013.301374
https://doi.org/10.2105/AJPH.2013.301374
http://www.ncbi.nlm.nih.gov/pubmed/23865645
https://doi.org/10.1371/journal.pmed.1001962
http://www.ncbi.nlm.nih.gov/pubmed/26908274
https://doi.org/10.2105/AJPH.2014.302525
http://www.ncbi.nlm.nih.gov/pubmed/25973831
https://www.hrw.org/news/2017/08/27/menstrual-hygiene-human-rights-issue
https://www.hrw.org/news/2017/08/27/menstrual-hygiene-human-rights-issue
https://doi.org/10.1080/23293691.2017.1388720
https://doi.org/10.1080/23293691.2017.1388720
https://doi.org/10.1371/journal.pone.0146985
http://www.ncbi.nlm.nih.gov/pubmed/26862750
https://doi.org/10.1371/journal.pone.0232935
http://www.ncbi.nlm.nih.gov/pubmed/32497117
https://doi.org/10.1080/16549716.2021.1955492
https://doi.org/10.1080/16549716.2021.1955492
http://www.ncbi.nlm.nih.gov/pubmed/34338160
https://doi.org/10.1186/s12889-022-13478-1
http://www.ncbi.nlm.nih.gov/pubmed/35655267
https://doi.org/10.1007/s11135-017-0574-8
http://www.ncbi.nlm.nih.gov/pubmed/29937585
https://doi.org/10.1371/journal.pone.0275736


21. Scott K, Ummer O, LeFevre AE. The devil is in the detail: reflections on the value and application of cog-

nitive interviewing to strengthen quantitative surveys in global health. Health Policy Plan. 2021; 36

(6):982–95. https://doi.org/10.1093/heapol/czab048 WOS:000670926800014. PMID: 33978729

22. Willis GB. Cognitive Interviewing: A “How To” Guide. Research Triangle Institute, 1999.

23. Tourangeau R. Cognitive sciences and survey methods. In: Jabine T, Straf M, Tanur J, Tourangeau R,

editors. Cognitive Aspects of Survey Methodology: Building a Bridge Between Disciplines. Washington,

DC: National Academy Press; 1984. p. 73–100.

24. Willis GB, Artino AR Jr,. What Do Our Respondents Think We’re Asking? Using Cognitive Interviewing

to Improve Medical Education Surveys. J Grad Med Educ. 2013; 5(3):353–6. https://doi.org/10.4300/

JGME-D-13-00154.1 PMID: 24404294.

25. Willis GB. Cognitive interviewing: a tool for improving questionnaire design. Thousand Oaks, Calif:

Sage Publications; 2005.

26. Uddin M, Ul-Huque A, Shimul A. Adaptation of the Beck Youth Inventories of Emotional and Social

Impairment for Use in Bangladesh. The Dhaka University Journal of Psychology. 2011; 35:65–80.

27. Beck J, Beck A, Jolly J. Manual for the Beck Youth Inventories of Emotional and Social Impairment.

San Antonio, TX: The Psychological Corporation; 2001.

28. Muris P. A Brief Questionnaire for Measuring Self-Efficacy in Youths. J Psychopathol Behav Assess.

2001; 23(3):145–9. https://doi.org/10.1023/a:1010961119608.

29. DeVellis R. Scale Development: Theory and Applications. India: SAGE Publications; 2012.

30. Baum C, Cox N. omninorm: Stata module to calculate omnibus test for univariate/multivariate normality

2007. Available from: http://ideas.repec.org/c/boc/bocode/s417501.html.

31. Bartlett M. Tests of significance in factor analysis. Br J Stat Psychol. 1950; 3(2):77–85. https://doi.org/

10.1111/j.2044-8317.1950.tb00285.x

32. Kaiser HF. An index of factorial simplicity. Psychometrika. 1974; 39(1):31–6. https://doi.org/10.1007/

bf02291575

33. Tabachnick B, Fidell L. Using multivariate statistics. 5th ed: Pearson Education, Inc.; 2007.

34. Floyd FJ, Widaman KF. Factor analysis in the development and refinement of clinical assessment

instruments. Psychol Assess. 1995; 7(3):286–99. https://doi.org/10.1037/1040-3590.7.3.286

35. Clark LA, Watson D. Constructing validity: Basic issues in objective scale development. Psychol

Assess. 1995; 7(3):309–19. https://doi.org/10.1037/1040-3590.7.3.309

36. Briggs SR, Cheek JM. The role of factor analysis in the development and evaluation of personality

scales. J Pers. 1986; 54(1):106–48. https://doi.org/10.1111/j.1467-6494.1986.tb00391.x

37. Zygmont C, Smith MR. Robust factor analysis in the presence of normality violations, missing data, and

outliers: Empirical questions and possible solutions. Quant Method Psychol. 2014; 10(1).

38. Hutcheson G, Sofroniou N. The multivariate social scientist. London: Sage; 1999.

39. Haque SE, Rahman M, Itsuko K, Mutahara M, Sakisaka K. The effect of a school-based educational

intervention on menstrual health: an intervention study among adolescent girls in Bangladesh. BMJ

Open. 2014; 4(7):e004607. https://doi.org/10.1136/bmjopen-2013-004607 PMID: 24993753

40. O’Flynn N. Menstrual symptoms: the importance of social factors in women’s experiences. Br J Gen

Pract. 2006; 56(533):950–7. Epub 2006/11/30. PMID: 17132384; PubMed Central PMCID:

PMC1934056.

41. Hennegan J, Sol L. Confidence to manage menstruation at home and at school: findings from a cross-

sectional survey of schoolgirls in rural Bangladesh. Cult Health Sex. 2020; 22(2):146–65. Epub 2019/

04/02. https://doi.org/10.1080/13691058.2019.1580768 PMID: 30931818.

42. Boateng GO, Neilands TB, Frongillo EA, Melgar-Quiñonez HR, Young SL. Best Practices for Develop-

ing and Validating Scales for Health, Social, and Behavioral Research: A Primer. Front Public Health.

2018; 6(149). https://doi.org/10.3389/fpubh.2018.00149 PMID: 29942800

43. DeVellis RF. Scale Development: Theory and Applications. 3 ed. Thousand Oaks, California: Sage

Publications, Inc.; 2012.

44. van de Schoot R, Lugtig P, Hox J. A checklist for testing measurement invariance. Eur J Dev Psychol.

2012; 9(4):486–92. https://doi.org/10.1080/17405629.2012.686740

PLOS ONE Development and validation of the self-efficacy in addressing menstrual needs scale in Bangladeshi schools

PLOS ONE | https://doi.org/10.1371/journal.pone.0275736 October 6, 2022 22 / 22

https://doi.org/10.1093/heapol/czab048
http://www.ncbi.nlm.nih.gov/pubmed/33978729
https://doi.org/10.4300/JGME-D-13-00154.1
https://doi.org/10.4300/JGME-D-13-00154.1
http://www.ncbi.nlm.nih.gov/pubmed/24404294
https://doi.org/10.1023/a%3A1010961119608.
http://ideas.repec.org/c/boc/bocode/s417501.html
https://doi.org/10.1111/j.2044-8317.1950.tb00285.x
https://doi.org/10.1111/j.2044-8317.1950.tb00285.x
https://doi.org/10.1007/bf02291575
https://doi.org/10.1007/bf02291575
https://doi.org/10.1037/1040-3590.7.3.286
https://doi.org/10.1037/1040-3590.7.3.309
https://doi.org/10.1111/j.1467-6494.1986.tb00391.x
https://doi.org/10.1136/bmjopen-2013-004607
http://www.ncbi.nlm.nih.gov/pubmed/24993753
http://www.ncbi.nlm.nih.gov/pubmed/17132384
https://doi.org/10.1080/13691058.2019.1580768
http://www.ncbi.nlm.nih.gov/pubmed/30931818
https://doi.org/10.3389/fpubh.2018.00149
http://www.ncbi.nlm.nih.gov/pubmed/29942800
https://doi.org/10.1080/17405629.2012.686740
https://doi.org/10.1371/journal.pone.0275736

