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Abstract
Background To combat the lack of proper facilities and menstrual health knowledge in developing countries, many WASH 
(Water, Hygiene, and Sanitation) initiatives are including menstrual hygiene management (MHM) components. However, 
evidence shows that prior efforts have not been ultimately successful in inducing relevant behavior changes, due in part to 
cultural constraints and unidimensional interventions. As such, MHM research may need to include consideration of new 
theories/approaches. Evidence is growing of the role that physical presence/proximity and ability to touch objects has on 
incentives for consumers to purchase goods, captured through willingness to pay (WTP) figures. Such findings can be par-
tially explained by Pavlovian processes.
Objective This study sought to provide field-work validation of such findings of the role of Pavlovian processes and endow-
ment effect on WTP figures for a female hygiene kit, reflecting motivation to adopt better hygiene behaviors.
Methods This study used primary survey data collected from females in two upper-level schools in southwestern Nepal 
(n = 169). When presented in conjunction with a hygiene education session, one group of females was allowed physical inter-
action with a female hygiene kit, while another was not, before being surveyed on their WTP for the kit. Both non-parametric 
and parametric statistical analyses were performed to assess the impact of this ability to touch the kits on WTP figures.
Results Results show a statistically significant difference between the WTP figures of those females allowed interaction 
with the kits prior to being surveyed and those who did not. This confirms the positive impact of physical presence/touch on 
motivations to use/acquire hygiene-related tools.
Conclusions Such findings reveal how, through application of the theory of Pavlovian processes, future (menstrual) health 
education efforts could harness the human instinct to consume, remember, and use those objects presented in physical form, 
and include personal contact and demonstrations of better health practices in future MHM and WASH education initiatives. 
Such an approach may allow protocols and interventions to have more success, and dissemination of healthier behaviors 
and knowledge to be more prominent.

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s4166 9-019-0168-6) contains 
supplementary material, which is available to authorized users.

 * Siobhan K. Yilmaz 
 yilmazsiobhan@gmail.com

 Alok K. Bohara 
 yilmazsiobhan@gmail.com

 Soumi Roy Chowdhury 
 yilmazsiobhan@gmail.com

1 Department of Economics, University of New Mexico, 
Albuquerque, NM, USA

2 National Council of Applied Economic Research (NCAER), 
New Delhi, India

1 Introduction

Menstrual hygiene management (MHM) is becoming 
an important sub-area of focus for water, sanitation, and 
hygiene (WASH) researchers [1], where many small-scale 
projects point to lack of access to adequate information, 
products, and disposal systems within many low- and mid-
dle-income countries (LMICs) [2]. Existing evidence shows 
that ignoring the impacts of MHM can be quite detrimental 
to the overall growth and success of women, with inadequate 
menstrual hygiene linked to reproductive tract infections [3, 
4], school attendance/dropping out [5–10], and impacts on 
overall psychosocial well-being [11–14]. The lack of proper 
facilities and education in many countries demonstrates the 
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necessity for policies improving the quality and availability 
of sanitation and hygiene options [15].

One of the common barriers to such aims among WASH 
initiatives is a frequent lack of consideration of women and 
girls in sanitation policy due to the stigma often surrounding 
menstruation [2]. Such stigma is exemplified by how educa-
tion about menstruation itself is often decoupled from sex 
education in the developing world due to the cultural sensi-
tivities of the topic [10]. The burden has fallen on academic 
researchers and non-governmental organizations (NGOs) 
to push for improved knowledge and sanitation-support-
ing infrastructure in the developing world, where the best 
approach is often through school-based interventions [11].

MHM interventions found in the literature can primarily 
be segmented into those supplying ‘hardware’ or ‘software’ 
materials to resource-poor countries [16]. Hardware-type 
interventions are those aimed at reducing material dep-
rivations by offering free or subsidized sanitary products 
[17–20], or by improving sanitary/hygiene infrastructure at 
schools [21]. On the other hand, software-type interventions 
are aimed at improving hygiene knowledge and manage-
ment deficits through educational initiatives [13, 22–24]. 
Recent systematic reviews have generally agreed that there 
are localized, modest achievements in hygiene awareness 
and practices from software-based MHM interventions, but 
uptake of sanitary products themselves (hardware-based 
approaches) has often been hard to measure, or has been 
low [16, 25]. Such findings are consistent with the prevailing 
trend showing that currently implemented interventions are 
not ultimately as successful as anticipated.

The level of awareness on menstrual (and reproductive) 
hygiene is still generally low across much of the develop-
ing world. Surveys have shown that there is still early ini-
tiation of sexual activity, an often involuntary context for 
intercourse, presence of high-risk behaviors, and inadequate 
levels of knowledge about protection from and transmis-
sion of sexually transmitted infections [26]. Furthermore, 
there is evidence of a lack of proper hygiene knowledge 

and behaviors, even among health professionals [27–30]. 
In addition to continuing the lack of information, attempts 
to alleviate this constraint are still met with the reality that 
often the health behaviors of even informed people do not 
change [17–19, 31].

The failure of currently implemented MHM interventions 
may be due in part to the underlying cultural environment 
that makes change hard. There is generally a lack of sup-
port from teachers (who are often male), there is teasing 
by peers (often boys, ill-informed of the processes), poor 
familial support, and lack of supporting infrastructure (both 
at home and school), all fed by the cultural taboo/stigma 
often surrounding menstruation [25]. This situation has led 
to a call for rethinking the way MHM education is imparted. 
There is a need to build/find new best practices in (men-
strual) health education, with perhaps a more universally 
applicable approach, not so hindered by individual culture. 
Additionally, many interventions have remained unidimen-
sional, with only a hardware or software approach. Hen-
negan and Montgomery [16] recommend that future MHM 
research begin exploring combinations of hardware and 
software approaches, with innovative techniques to better 
capture an individual’s preferences.

The measurement of preferences and motivation to adhere 
to new health-related behaviors has often been measured via 
willingness to pay (WTP) estimates [32–34]. We follow this 
methodology, analyzing a new potential ‘best practice’ in 
relation to (menstrual) health education/technology adop-
tion. We implement work from psychology literature on 
Pavlovian processes and physical touch, leveraging research 
showing that consummatory responses are less frequently 
triggered in purely hypothetical situations, and that owner-
ship feelings increase from physical interactions with objects 
of interest (more details can be found in the Background 
section of this paper). There is growing awareness across 
disciplines of the multitude of ways that learning impacts 
behavior, including how environmental cues may play a key 
role [35]. The processes examined in this study apply some 
of these findings in a real-world setting, where our results 
provide impetus for new approaches to (menstrual) health 
education, particularly in the developing world.

We utilized a treatment-control type framework to see if 
physical touch increases WTP for a feminine hygiene kit, 
presented in conjunction with a feminine hygiene education 
session. In investigating the differences in WTP between two 
groups exposed to similar hygiene sessions, our hypothesis 
was that having more contact with the kits would increase 
WTP. Such a finding would be a strong indicator of the ben-
efits of including personal contact and demonstrations of 
better health practices in future menstrual health manage-
ment (MHM) and WASH education initiatives.

Key Points for Decision Makers 

Higher willingness to pay (WTP) for a feminine hygiene 
kit was found among young Nepali females allowed 
physical contact with the product itself, prior to being 
asked their WTP.

Results show promise of including physical contact and 
demonstrations of better health practices and technol-
ogy in future menstrual health management and water, 
hygiene, and sanitation education initiatives.
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2  Background

In the economics literature investigating decision making 
and consumer adoption, there is a growing emphasis on 
using theories from other social sciences such as psychology 
[36, 37]. Applications of psychology-based theories have 
appeared in both methodological survey development and 
experimentation research focused on the decision-making 
patterns of individuals.

Bushong et al. [38] formally introduced the psychological 
process of conditioned responses to economic evaluations. 
Through a series of laboratory experiments comparing WTP 
estimates for food items using written, pictorial, or physical 
form representations, researchers determined that physical 
presence of the items elicited the highest WTP/bids. Ulti-
mately, authors attributed this finding to that of Pavlovian 
processes.

In the language of psychology, the physical presence of 
an item serves as an unconditioned stimulus (US) trigger-
ing consummatory responses. Unless there is another (non-
physical) cue that has been associated with this response 
long enough to form a conditioned stimulus (CS), the con-
summatory response will not occur in the absence of the 
physical presence of the item. Authors theorized that the 
names and pictures of food (and other items such as mugs 
and DVDs) are not associated with the consumer goods 
frequently enough for these virtual presentation mediums 
to serve as a CS. Novel to the work of Bushong et al. [38] 
was that their results ran contrary to typical economic argu-
ments that higher WTP results can be explained based pri-
marily on improved information and less uncertainty (the 
largest gain in information is actually from text to picture). 
Additionally, the magnitude of WTP effects for goods pre-
sented in physically rather than through virtual represen-
tation was found to be similar for familiar and unfamiliar 
items.

The literature also shows that incorporating the ability to 
touch items further enhances WTP. There is evidence that 
physical contact with products allows consumers to become 
more committed to using them. In a follow-up to the work of 
Bushong et al. [38], researchers re-evaluated the prior find-
ings by including the element of tactile (e.g. touch) sensa-
tion, by giving subjects the ability to handle both appetitive 
(e.g. food/drink) and non-appetitive items [39]. Researchers 
found higher mean purchase rates among real versus picto-
rial image conditions, regardless of product type.

In their investigation of the distinction between factual 
and subjective feelings of ownership, Reb and Connolly [40] 
focus on the endowment effect consumers give to items that 
they possess (e.g. ascribing more value to things merely 
because they own them). They found that it is physical pos-
session, not factual ownership, that can increase the personal 
monetary valuation of an object. They relate this finding to 

the principle of loss aversion, wherein loss of something 
is often weighted greater than the gain of the same thing 
[41]. Taking these findings even further, Wolf et al. [42] 
were able to provide evidence of the length of ownership 
effect, through mere touch, using an experimental bidding 
for mugs. They had hypothesized that duration of exposure 
to an item fosters increased attachment, and thus valuation, 
because partial adaptation to ownership begins immediately 
following initiation of physical contact. Participants in their 
experiment were shown to bid higher amounts when they 
were allowed physical contact with a mug for 30s versus 
only 10s.

Why mere touch appears to increase perceived owner-
ship is believed to be closely associated with increased 
affective reactions [43]. Some researchers posit that there 
is a greater emotional response to an object obtainable only 
through physical contact, which cannot be achieved via 
additional information on an object via descriptors. Romer 
[44] posits that decision mechanisms can be segregated 
into those based on thoughts and those based on feelings, 
where a thinking-based ‘mistake’ can be altered in the face 
of new information, while a feeling-based ‘mistake’ will not. 
Feeling-based mechanisms are therefore more likely to be 
specialized in terms of the type of information that they can 
process, and much less responsive to the types of informa-
tion conveyed by language. Hence, physical touch adheres to 
a feelings-based mechanism more so than a thoughts-based 
mechanism.

Thus, the literature has provided evidence of the connec-
tion between the consummatory response, proximity, and 
motivation to acquire, with pathways that are inherently 
founded in Pavlovian thinking. However, literature focused 
on health education and best practices has not yet begun to 
incorporate these ideas.

3  Methods

3.1  Data and Variables

This study makes use of primary survey data collected by 
the Pratiman-Neema Memorial Foundation (PNMF) from 
Nepal in May 2016. Women2Be, a non-profit organization 
based out of Albuquerque, NM, provided female hygiene 
packets, in the style of those put together by Days for Girls, 
in conjunction with the Nepal Study Center of the University 
of New Mexico. These kits included two pairs of underwear, 
eight liners, two shields, a washcloth, soap, Ziploc bags for 
washing/storage, and a fabric bag to hold all components. 
These kits are made of colorful fabrics so as to not automati-
cally label them as being for the purpose of menstruation, 
and are quick-drying and require little water for cleaning. 
Along with providing girls and women these reusable kits, 
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lasting for up to 3 years, the director of Women2Be and sup-
porting staff provided educational information about female 
health and hygiene, and a survey was administered to various 
groups of women/girls.1

The analysis from this paper uses data from females 
surveyed in two schools in Bhairahawa—Pratiman-Neema 
Memorial Health Institute (PNMHI) and Paklihawa. At 
the conclusion of the hygiene talk, each group was given 
a paper survey (translated from English into Nepalese 
and available in the Electronic Supplementary Material) 
to fill out on topics including perceptions towards female 
hygiene, cultural and social norms surrounding menstrua-
tion, school absences, hygiene facilities available at school, 
demographic information, and, critical to this study, an 
open-ended question on WTP for the kit, framed as “What 
is the maximum amount you would pay for this reusable 
sanitary pad packet?” The question was preceded with two 
written paragraphs detailing the importance of proper femi-
nine hygiene practices to prevent infections, and promoting 
this kit as a means to potentially improve quality of life 
and reduce school absences. These paragraphs served as 
a primer reinforcing what was presented to the girls in the 
hygiene talk.

Those at PNMHI (our ‘treatment’) school were given 
the kit to examine, touch, and personally interact with, 
before being asked to fill out the survey. Paklihawa (our 
‘control’) school was not presented with the kits to physi-
cally touch and examine prior to completing their survey 
and giving their WTP. At the conclusion of both sessions, 
each participant received their own feminine hygiene kit 
to take home, but neither school group was informed that 
they were able to keep the kits until after the surveys were 
completed.

Those allowed physical interaction would be expected 
to have a larger endowment effect and Pavlovian response 
to the health-related technology they were being asked to 
adopt. Consistent with those findings from literature, we 
would expect higher WTP estimates from the treatment 
group of girls. Formally:

Hypothesis 1 Females presented with the kits before survey 
will exhibit a higher WTP for the reusable female hygiene 
kit than those not presented the kits before surveying.

Initial examination of the distribution of raw WTP across 
the two groups was non-normal, and an attempt was made 
to better normalize this via a log-normal approach. This full 

empirical specification is shown below. The dependent vari-
able, ln(WTP) is the natural log of WTP (given in Nepalese 
Rupees). Treat was our key treatment (kit before survey) 
dummy (e.g. a binary variable coded as 1 for presence and 
0 for non-presence). Age and AgeMens represent the age of 
the female currently, and the age of the female when she first 
started menstruating (presented in bins), respectively. Hyg is 
a vector of current hygiene product usage dummies, and Env 
is a vector of environmental indices. X represents additional 
demographic controls for religion, caste, and wealth indica-
tors. Finally, ε represents a white-noise error term

We accounted for age, as well as the age of first men-
struation, under the assumption that older women will be 
better able to pay for a new hygiene kit, while those women 
who have been menstruating longer may have had more time 
to develop a preference for one product type over another. 
Additionally, older women may become more motivated to 
try a new product, having already explored existing options. 
The hygiene product type is accounted for with binary vari-
ables representing disposable and reusable hygiene products, 
with the omitted category as old rags/clothes.

We also included environmental indices to control for home 
and school life, anticipated to influence the desirability of the 
product. The index representing school environment consists 
of the presence/absence of certain key hygiene facilities/
infrastructure at school. The index for the home environment 
captures the behavioral restrictions/taboos girls are subject to 
during their menstruation. We utilized principle component 
analysis, a statistical data reduction technique, of the various 
factors to create these indices, relying on the first principal 
component, which is the summary variable capturing the most 
variance. Uncertainty in direction of influence led us to not 
make a specific hypothesis about the direction of influence 
on WTP. For example, the availability of hygiene products, 
perhaps at school, could negatively impact WTP if girls see 
less need for additional support. Alternatively, there could be 
a desire to have more infrastructure at school to make attend-
ance easier. Similarly, if there are lots of social pressures/cul-
tural taboos surrounding menstruation, girls may seek to better 
manage it to appear cleaner, thus increasing WTP. However, 
if taboos are engrained and strong enough, girls could also see 
less need for hygiene kits, reflected in a lower WTP.

To account for missing data for our dependent variable 
measure, we used the mean value for each school group. Due 
to missing data for three observations on the age at which 
females started menses, we chose to remove these observa-
tions. The total estimable sample was 169 observations, of 
which 73 were in the treatment group and 96 were in the 
control group.

ln(WTP)i = �
0
+ �

1
Treati + �

2
Agei + �

3
AgeMensi

+ �
4
Hygi + �

5
Envi + �

6
Xi + �i

1 Informed consent was sought in administration of the survey and 
was approved by local authorities. Parents and teachers were present 
at this event and representatives of the Pratiman-Neema College were 
on hand to ensure that the study was carried out in a manner consist-
ent with the ethical standards of the Declaration of Helsinki.
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3.2  Non‑Parametric

The highly skewed nature of our primary data, and differ-
ences found across descriptive statistics, led us to perform 
non-parametric testing, in addition to regression estimation, 
to compare mean and distributional differences. To compare 
means, we used the Wilcoxon signed-rank test (Mann–Whit-
ney), which is an alternative to the parametric, paired Stu-
dent’s t test, in the face of non-normal distributions. This test 
is used to determine if two dependent samples were selected 
from a population having the same distribution—in our case, 
do our samples have the same distribution of WTP? Addi-
tionally, we performed the Kolmogorov–Smirnov test, which 
is another means by which one can test if two data samples 
come from the same distribution (although no claim is made 
as to whether or not this underlying distribution is normal). 
Finally, Fisher’s exact test, commonly used in studies with 
small sample sizes, was used as a comparison of median 
WTP values, testing if the samples were drawn from popula-
tions with the same median.

3.3  Regression Estimation

Given the continuous nature of our dependent variable and 
its highly skewed nature, the initial regression estimation 
was log-linear, beginning with a t test or treatment-only ver-
sion. We sequentially incorporated additional controls, while 
maintaining the log-linear approach. The addition of these 
extra controls was done to determine if they affected the 
significance of our initial findings due to the multiple differ-
ences between our control and treatment groups. Given such 
evidence that girls were different along multiple dimensions, 
including percentage Dalit, average wealth index, average age, 
and type of hygiene product currently being used, we also 
ran our log-linear models incorporating inverse probability 
weighting (IPW). This is a statistical technique enabling us to 
estimate the potential outcome if all subjects in our study were 
assigned either group, and removing some of the bias of the 
two groups being different along certain demographic lines.

To provide further robustness, we attempted to correct 
for the highly skewed nature of our data, using a non-linear 
gamma approach (generalized linear model [GLM]), with a 
log link function, where we again accounted for differences 
via IPW. We also ran our most preferred models with boot-
strapped standard errors (n = 500). Finally, we checked for 
outliers by examining the distribution of residuals from each 
best-fit model and found no extreme outliers beyond two 
standard deviations (both log-linear and GLM approaches).

3.4  Sensitivity Analysis: Larger Sample

To explore the sensitivity of our findings, we have also 
included in the Electronic Supplementary Material the 

results of repeating our non-parametric testing and regres-
sion estimation with a larger sample size (n = 307). In 
December 2017, an additional 138 young women were sur-
veyed in the central hills area of Purkot, Nepal. This group 
was surveyed in a manner consistent with the control group 
(e.g. Paklihawa) from May 2016, i.e. no interaction with 
the kit before a WTP query. We chose not to include this 
extended control group in the primary analysis presented 
in this paper due to the time lag between data collection 
and the associated potential unknown biases caused by this 
situation; however, we feel it serves as a useful check of our 
original findings.

4  Results

4.1  Descriptive Statistics

Initial observations show that the treatment group showed 
higher mean WTP for the kit than the control group: 375.76 
vs. 301.50 Rupees. Figure 1 provides additional visual evi-
dence of a pattern of increased WTP among the treatment 
group, both in terms of the probability density (PDF) and 
cumulative density (CDF) of raw WTP figures. Comparison 
of the two study groups across other key demographic and 
explanatory variables can be found in Table 1.

The average age of those in the treatment group was 
19.4 years, and 16.2 years for the control group; however, 
the range for the control group of women was much larger. 
There is, though, a similar mean value for age of first menses 
across the two groups, of 12–13 years. It also appears that 
the two groups differ in their current hygiene practices, with 
the treatment group currently relying more on disposable 
products. The groups do appear to differ in certain school 
infrastructure and cultural limitation factors surrounding 
menstruation; however, both groups express discontent 
with their lives during menstruation, with 58.1% (control) 
and 98.6% (treatment) reporting that it is difficult to man-
age life during their menstrual cycle. There is a statistically 
significant difference in the size of the Dalit (lower caste) 
population in the control group (23%) versus the treatment 
group (7%), likely highly correlated with overall socioeco-
nomic status (statistically higher average score on the wealth 
index).

4.2  Non‑Parametric

Table 2 presents a summary of the significance of each of 
the non-parametric tests employed in our analysis. Results of 
the various non-parametric tests show statistically significant 
rejection of three noted null hypotheses that the control and 
treatment groups have the same WTP distributions, the same 
density functions (PDFs), and the same median WTP values. 
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Thus, there is consistent evidence that the two groups of sur-
veyed females elicit statistically different WTP estimates. The 
Wilcoxon rank-sum (or Mann–Whitney) test for equality of 
distributions also shows that that there is a 63% chance that 
a randomly selected individual from the treatment group 
would have a higher WTP than a randomly selected indi-
vidual from the control group. Furthermore, re-examination 
of the CDFs (Fig. 1) also supports that those females in the 
treatment group exhibited higher WTP, visualized through 
the higher CDF for the treatment group across most of the 
distribution. Finally, the kernel density plot for the treatment 
group is shifted right of that of the control group (towards 
higher WTP values).

4.3  Regression Estimation

Table 3 presents a summary of results from each of the 
four estimation methods employed (log-linear and GLM, 
both with and without IPW), reflecting the best-fit model 
under each estimation approach, based on the minimum 
Akaike Information Criterion (AIC). The AIC deals with 
the trade-off between the goodness of fit of the model and 
the simplicity of the model [45]. Appendix Tables 4, 5, 6 
and 7 show the detailed results of each model. As seen in 
Table 3, regardless of specification, there is at least marginal 
significance of the treatment effect. Note that significance 
is based on bootstrapped standard errors under scenarios 
without IPW, and robust standard errors under scenarios that 
do include IPW.

Examination of the detailed results (Tables 4, 5, 6, 7) 
reveal that the treatment effect within each preferred model 
indicates interaction with the kit elicits a 15.8–24.6% 

increase in WTP (log-linear approaches), or an 18.7–25.8% 
increase in WTP (non-linear gamma with log-link). Greater 
significance is found through estimation based on the non-
linear gamma approach.

Another key conclusion from the detailed regression out-
put tables is that there is a consistent positive effect of age 
on WTP, across all model and estimation strategies. As a 
woman becomes another year older, her WTP is increased 
approximately 1–2%. There is also occasional significance 
of the dummies representing current use of either a reusable 
or disposable hygiene product, with a range of between a 21 
and 28% decrease in WTP amounts.

4.4  Sensitivity Analysis: Larger Sample

In the Electronic Supplementary Material, Tables B1–B5 
present the results of our sensitivity analysis with the 
expanded control group. Both non-parametric and regres-
sion results support our original findings that the abil-
ity to touch the kits prior to being asked WTP increased 
WTP estimates. Significance is found for all non-para-
metric tests, with the Wilcoxon rank-sum test for equal-
ity of distributions showing that there is a 65% chance 
that a randomly selected individual from the treatment 
group would have a higher WTP than a randomly selected 
individual from the control group. Using the lowest AIC, 
we again find significance across multiple specifications 
for the treatment variable, indicating a magnitude of a 
19–34% increase in WTP from physical contact with the 
feminine hygiene kits.

Fig. 1  Comparison of WTP 
distributions by treatment status
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5  Discussion, Conclusions, and Policy 
Implications

Bushong et al. [38] proposed and tested how Pavlovian pro-
cesses lead to a higher WTP for an item when physically 
present. Our results confirm this through a field experiment 
of an actual hygiene-related product, where physical pres-
ence and contact with the technology appears to induce 

higher WTP estimates. Both non-parametric testing and 
regression analyses support our hypothesis across multiple 
specifications. Even when accounting for potentially non-
random distribution of our samples across the two groups, 
IPW estimates produce even stronger estimates of our treat-
ment coefficient.

We also find marginally significant results with regard 
to age, consistent with initial reasoning. As a female ages, 

Table 1  Descriptive statistics of variables

SD standard deviation, WTP willingness to pay
a ***p < 0.01, **p < 0.05, *p < 0.1
b Regressions are run using ln (WTP) as the dependent variable
c Omitted category is ‘rags/old clothes’

Variables Description Control [n = 96] Treatment [n = 73] Differencea

Mean/per-
centage

SD Mean SD

Dependent variable
 WTPb WTP for a feminine hygiene kit, in Nepalese 

Rupees
301.05 116.07 375.75 165.67 − 74.70***

Explanatory variables
 Age, years Age of female 16.24 6.012 19.40 2.13 − 3.15***
 Age at first menses = 1 if age between 10 and 12 years; 2 if 

age between 13 and 15 years; and 3 if age 
between 16 and 19 years

1.85 0.481 1.81 0.461 0.046

Hygiene product  usec

 Reusable Percentage of females currently using a reus-
able hygiene product

18.8% – 6.8% – 11.9**

 Disposable Percentage of females currently using a dispos-
able hygiene product

63.5% – 89% – − 25.4***

 School environment Percentage of females reporting the presence of 
the following items at school

 Hygiene kit 32.3% 79.5% − 47***
 Disposal bin 87.5% 72.6% 14.9**
 Soap 15.6% 82.2% − 66.6***
 Separate toilet 31.3% 13.7% 17.6***
 Curriculum 94.8% 86.3% 8*

Cultural norms Percentage of females reporting each of the fol-
lowing activities during menstruation

 Forced isolation 7.3% 1.4% 5.9*
 No cultural participation 86.5% 49.3% 37.1***
 Not allowed in the kitchen 63.5% 56.2% 7.4
 Not allowed to meet family 29.2% 26% 3.1
 Not allowed in the worship 

area
96.9% 86.3% 10.6**

Demographic controls
 Buddhist Percentage of females belonging to the Bud-

dhist religion
1.04% – 2.74% – − 0.017

 Dalit Percentage of females belonging to the Dalit 
caste

22.9% – 6.8% – 0.161***

 Wealth index Sum of binary (1/0) self-reported yes answers 
to self or family owning land and a cement 
home

1.58 0.610 1.81 0.490 − 0.225**
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she is expected to have more income available, which can 
contribute to higher WTP figures; however, we control for 
wealth and therefore the impact we see is more of a pure age 
factor. With increased age, there is an associated increase 
in education, some of which may be health-related. Those 
older females observed are likely teachers within the school 
environment and would face similar restrictions/desires for 
enhanced menstrual hygiene support to girls more recently 
entering their menses, but the relevance of the hygiene infor-
mation session and the importance of implementing better 
feminine hygiene behavior, including the use of a kit such as 
the one provided, may be better internalized by more mature 
females.

Our findings add to the literature examining the use of 
physical objects to elicit more behavior change adoption, 
where additional neurological and preliminary findings sup-
port such an application [46–48]. Neuroeconomists have 
determined that sensory and vivid information are seen 
as more likely to contribute to the decision process than 
the slower consideration of long-term and abstract conse-
quences [49]. Plus, there is evidence that the full reward 
circuitry in the brain is not stimulated with imagined/
hypothetical situations [50]. Taken as a whole, the existing 

evidence points to a different reaction, biologically and 
psychologically, for humans when presented with a physi-
cal object (that they can touch). These differences are then 
manifested in higher valuations and willingness to adopt/
pay for technology [51]. This offers up a means by which to 
rethink (menstrual) health education, approaches to not only 
inform but also motivate changes in health-related behavior 
and technology adoption.

The apparent lack of success of prior intervention efforts 
in menstrual hygiene and sanitation across the developing 
world means that evidence of effective and diverse teaching 
tools may be quite policy relevant. That physical contact 
with the hygiene kits appears to induce higher WTP fig-
ures for girls in our study suggests a policy of incorporat-
ing more interactive materials in health/hygiene education 
throughout the developing world and exposing learners 
to the health technologies being promoted (in real-life). 
Despite some evidence that experiential learning in nutri-
tional education may not impact children’s willingness to 
taste unfamiliar vegetables [52], prior work in the developed 
world within other health education fields (i.e. oral hygiene 
and children’s nutritional choices) has shown success incor-
porating real objects/experiential learning [53–56]. Addi-
tionally, there is evidence in weight-management research 
that the presence of physical food can undermine healthy 
food lessons that were originally presented in hypotheti-
cal situations [57, 58]. It thus appears important in health-
related education to incorporate real experiences/objects 
into the lessons themselves to increase the adoption of 
healthy behaviors.

In terms of study limitations, there is the potential for 
some bias in our estimates, given that the girls from the 
treatment group are different along multiple fronts, includ-
ing that, on average, they report as being unhappier during 
their menstruation. This may lead them to be more intrinsi-
cally motivated to find an alternative solution to manage 
their menstruation. The hygiene kit may offer this solution, 
giving them some additional motivation to want to purchase 
the hygiene kit (e.g. a higher WTP). However, we control 
for cultural norms, many of which have been linked to 
depression/unhappiness [14, 49, 50], in our regressions, and 
significance remains through robustness checks. Addition-
ally, we did consider the role of income through including 
a wealth index reflecting assets indicative of higher wealth, 
in certain models; however, their addition does not appear 
to add any additional strength to the models (see Tables 4, 
5, 6, 7).

We also acknowledge that the significance we do find for 
our treatment variable is strongest only under certain condi-
tions, namely with probability weighting. However, the use 
of probability weighting is to account for the likelihood of 
being a member of one treatment group over another. Thus, 
we sought to overcome some of the issues we note with 

Table 2  Non-parametric tests comparing means, medians, and distri-
butions

PDF probability density function, WTP willingness to pay
a ***p < 0.01, **p < 0.05, *p < 0.1

Test Significance 
of  rejectiona

Wilcoxon rank-sum test  (H0: control and treatment 
from the same distribution)

***

Two-sample Kolmogorov–Smirnov test
(H0: control PDF = treatment PDF)

***

Fisher’s exact test
(H0: median WTP control = median WTP treatment)

***

Table 3  Summary multivariable empirical results table

Each reported significance level is for the most preferred model under 
each specification, based on the minimum AIC from Tables  4, 5, 6 
and 7
Bootstrapped standard errors used for models without IPW; robust 
standard errors used for models with IPW (bootstrapping does not 
allow for weights)
IPW inverse probability weighting, WTP willingness to pay, GLM 
generalized linear model, AIC Akaike Information Criterion
***p < 0.01, **p < 0.05, *p < 0.1

Effect on WTP Without IPW With IPW

Log-linear GLM Log-linear GLM

Treatment +* +** +*** +***
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regard to differences between the two treatment groups in 
using such weighting. Since the results are even stronger for 
our treatment variable under such conditions, we are encour-
aged that our results can usefully help inform future work 
and policy development.

Another element of WTP analyses not fully fleshed out 
in this study is that of consequentiality. To ensure realistic 
valuation answers, researchers often need to determine if 
surveys are perceived as potentially consequential to the 
respondents [59–62]. We did not directly test for consequen-
tiality; however, it is not unreasonable to believe that the 
females surveyed would believe that that their WTP answers 
might inform policy makers in how to price or to even offer 
selling the feminine hygiene pack in the future. Additionally, 
we feel that these girls would genuinely care if this feminine 
hygiene kit were produced and marketed, given the primer 
paragraphs in our survey. Nevertheless, in follow-up work, 
we will consider including questions to capture the conse-
quentiality of such WTP studies.

This work offers up good promise for future work in the 
fields of health/hygiene education in the developing world 
and adds a new dimension to MHM research. Investiga-
tion of the effectiveness of incorporating more physical 
objects in (menstrual) health education interventions is yet 
to be empirically investigated in terms of more long-term 
health-related behavioral outcomes. Thus, future research 
may investigate the effectiveness of this feminine hygiene 
kit, including analysis of its actual use and adoption. Fur-
thermore, a randomized control trial study, with follow-up, 
of an educational intervention that incorporates hygiene/
sanitation experiential components in developing world 
contexts could also serve to further this line of research 
and provide further validation of our findings. Addition-
ally, future examinations of WTP for this kit will con-
sider including additional survey questions that enable the 
researcher to better determine consequentiality. This can be 
accomplished through eliciting perceptions on the outcomes 
of the survey and the methods of measuring preferences 
[63], or through priming the WTP question with mention 
of the policy impacts that can arise from the results of the 
survey [64].
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Table 5  Log-linear regression 
of willingness to pay (w/IPW)

Log Model 1 Log Model 2 Log Model 3 Log Model 4

Treatment 0.249*** 0.246*** 0.229*** 0.212**
(0.064) (0.061) (0.067) (0.064)

Respondent's Age 0.009* 0.011** 0.011** 0.009*
(0.004) (0.004) (0.004) (0.004)

Menstruation Age –0.081 –0.081 –0.081 –0.089
(0.069) (0.073) (0.073) (0.076)

Reusable –0.216* –0.206* –0.209* –0.219*
(0.102) (0.099) (0.101) (0.098)

Disposable –0.258*** –0.223** –0.232** –0.256**
(0.068) (0.082) (0.081) (0.079)

School Environment Index –0.025 –0.022 –0.021
(0.032) (0.032) (0.031)

Cultural Norms Index 0.006 0.003 –0.009
(0.033) (0.035) (0.034)

Wealth Index 0.068 0.064
(0.063) (0.061)

Buddhist –0.332
(0.319)

Dalit –0.174*
(0.073)

Constant 5.857*** 5.799*** 5.688*** 5.816***
(0.175) (0.199) (0.221) (0.228)

Observations 169 169 169 169
ln(L) –65 –64 –63 –61
AIC 141.4 144.2 144.7 143.1
BIC 160.2 169.2 172.9 177.6
R2 0.242 0.247 0.253 0.278

Robust standard errors are shown in parentheses
The dotted/shaded column represents the best-fit model based on the lowest AIC 
criterion
AIC Akaike Information Criterion, BIC Bayesian Information Criterion
***p < 0.01, **p < 0.05, *p < 0.1

Table 4  Log-linear regression 
of willingness to pay

Treatment Only Log Model 1 Log Model 2 Log Model 3 Log Model 4

Treatment 0.199** 0.158* 0.079 0.062 0.06
(0.066) (0.070) (0.087) (0.089) (0.088)

Respondent's Age 0.017** 0.017** 0.017** 0.016**
(0.005) (0.006) (0.006) (0.006)

Menstruation Age –0.109 –0.106 –0.1 –0.103
(0.072) (0.073) (0.073) (0.075)

Reusable –0.295** –0.276** –0.282** –0.286**
(0.099) (0.103) (0.104) (0.104)

Disposable –0.208** –0.214** –0.219** –0.228**
(0.070) (0.075) (0.074) (0.073)

School Env. Index 0.052 0.055 0.054
(0.037) (0.037) (0.037)

Cultural Norms Index –0.002 0.001 –0.004
(0.032) (0.031) (0.033)

Wealth Index 0.076 0.074
(0.061) (0.063)

Buddhist –0.183
(0.279)

Dalit –0.043
(0.077)

Constant 5.634*** 5.746*** 5.779*** 5.657*** 5.695***
(0.040) (0.183) (0.188) (0.206) (0.218)

Observations 169 169 169 169 169
ln(L) –92 –85 –84 –83 –83
AIC 187.1 182.8 184.4 184.4 187.6
BIC 193.4 201.6 209.4 212.6 222.1
R2 0.053 0.119 0.131 0.141 0.145

Robust standard errors are shown in parentheses
The dotted/shaded column represents the best-fit model based on the lowest AIC 
criterion
AIC Akaike Information Criterion, BIC Bayesian Information Criterion
***p < 0.01, **p < 0.05, *p < 0.1
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Table 6  GLM (gamma 
with log-link) regression of 
willingness to pay

GLM Model 1 GLM Model 2 GLM Model 3 GLM Model 4

Treatment 0.187** 0.124 0.114 0.11
(0.070) (0.087) (0.087) (0.086)

Respondent's Age 0.015** 0.015** 0.015** 0.013*
(0.005) (0.005) (0.005) (0.006)

Menstruation Age –0.137 –0.124 –0.119 –0.119
(0.070) (0.071) (0.071) (0.072)

Reusable –0.255** –0.234* –0.235* –0.238*
(0.094) (0.098) (0.098) (0.097)

Disposable –0.160* –0.167* –0.169* –0.186**
(0.064) (0.067) (0.066) (0.065)

School Environment Index 0.047 0.046 0.045
(0.034) (0.034) (0.034)

Cultural Norms Index 0.008 0.01 0.003
(0.029) (0.029) (0.030)

Wealth Index 0.056 0.049
(0.059) (0.059)

Buddhist –0.154
(0.255)

Dalit –0.077
(0.078)

Constant 5.859*** 5.865*** 5.771*** 5.834***
(0.166) (0.169) (0.184) (0.187)

Observations 169 169 169 169
ln(L) –1149 –1149 –1149 –1149
χ2 29.4 30.2 30.7 34.4
AIC 2309.8 2313.5 2315.3 2319.1
BIC 2328.5 2338.5 2343.5 2353.6
R2 d 0.00162 0.00175 0.00181 0.00189

Robust standard errors are shown in parentheses
The dotted/shaded column represents the best-fit model based on the lowest AIC 
criterion
AIC Akaike Information Criterion, BIC Bayesian Information Criterion, GLM gen-
eralized linear model
***p < 0.01, **p < 0.05, *p < 0.1
a GLM regression does not produce a regular R2; calculated as McFadden’s Pseudo 
R2 = (1 − LLM/LL0)
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