* water m\py

Article

Factors Affecting Consumption of Water from a
Newly Introduced Safe Drinking Water System:
The Case of Managed Aquifer Recharge (MAR)
Systems in Bangladesh

Muhammad Badrul Hasan /2, Peter P. J. Driessen 2, Shantanu Majumder !,
Annelies Zoomers 3 and Frank van Laerhoven 2/*

1 Department of Political Science, University of Dhaka, Dhaka 1000, Bangladesh;

badrulhasan@du.ac.bd (M.B.H.); bangla1952@gmail.com (S.M.)

Copernicus Institute of Sustainable Development, Utrecht University, 3584 CB Utrecht, The Netherlands;
p.driessen@uu.nl

Department of Human Geography and Planning, Utrecht University, 3584 CB Utrecht, The Netherlands;
E.B.Zoomers@uu.nl

*  Correspondence: f.s.j.vanlaerhoven@uu.nl; Tel.: +31-030-253-1036

Received: 15 October 2019; Accepted: 20 November 2019; Published: 23 November 2019 ﬁge(f:tfgsr

Abstract: Rather than committing exclusively to one drinking water option, households in Bangladesh
often use a portfolio of sources that, in varying ways, to varying extents satisfy one or more out of
several preferences they hold with regard to their drinking water. What happens if a new option is
added to that mix? In communities of Bangladesh’ Southwestern coastal region where a new option
(managed aquifer recharge, or MAR) was recently introduced, we observe variation in the extent to
which this source contributes to satisfying households” drinking water needs. Using multiple linear
regression (n = 636 households), we found that perceived risk, costs, taste, self-efficacy, and form and
intensity of competition with alternative drinking water options matter significantly.

Keywords: rural drinking water systems; infrastructure; rural communities; managed aquifer
recharge; MAR; innovation adoption; Bangladesh

1. Introduction

Despite remarkable progress, ensuring access of all to safe drinking water services worldwide
still remains a major concern [1-3]. It is estimated that only 55% of the world’s rural populations have
access to safe drinking water sources [4]. Drinking water scarcity leads to the spread of water borne
diseases, and it thwarts the socio-economic development [5]. Priiss-Ustiin et al. [6] estimate that in
developing countries, every year, 1.5 million children die before the age of five due to reasons related to
drinking water quality. Population growth and climate change are expected to worsen water scarcity
across the world [7,8]. Also, Bangladesh experiences severe scarcity of drinking water, especially in
its rural areas [9]. About 13% of the total population in the country has no access to safe drinking
water [10]. Every year, a rural child below five years suffers from, on average, 4.6 events of diarrhea,
leading to the death of approximately 2.3 thousand children [11]. Water scarcity is more acute in the
Southwestern coastal areas due to salinity intrusion, arsenic contamination, frequent natural disaster,
and human-made alteration of natural settings [12].

In order to address drinking water scarcity in the region, over the last three decades, both
the government and national or local non-governmental organizations (NGOs), often financed by
donors and international NGOs, have supported the introduction of multiple new rural drinking
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water systems, such as pond sand filters (PSF), rain water harvesting systems (RWHS), and reverse
osmosis. The problem that we address in this paper is that many of those newly introduced drinking
water solutions have unfortunately proven to be unable to (fully) deliver on the promise of adding
significantly to the effort of mitigating the problem of drinking water scarcity [13-15].

One of the most recent attempts to solve water scarcity in the region uses managed aquifer
recharge, or MAR. MAR was introduced in 2010 by a consortium of Dhaka University’s Geology
Department (DU), the Department of Public Health Engineering (DPHE) and the Acacia Water—a
Dutch consultancy firm—funded by the Dutch Embassy in Bangladesh and UNICEEF. It is supposed to
be operated and maintained by the local community. In a MAR system, water is collected from ponds
and rooftop rainwater. After passing through a sand filter, the water is infiltrated into the aquifer
to create a bubble of fresh water. Users can subsequently abstract the water using standard hand
tube-wells. Compared to other major systems in the area, MAR is contamination-free and cyclone-proof,
and it is reliable as it provides water in sufficient quantities throughout the year. In terms of operation
and maintenance costs, MAR can be less expensive than the available alternatives. It is relatively easy
to operate. These are all claims that MAR shares with the drinking water systems mentioned in the
preceding paragraph.

The hydrogeological and technical feasibility of MAR is more or less established [16,17]. However,
as with previous attempts to introduce new and improved drinking water technologies [18-20], getting
communities to actually use MAR will, without a doubt, prove to be difficult. Households do not rely
exclusively on one sole drinking water source but use instead a portfolio of options. This portfolio
of local drinking water options consists of sources that vary due to a range of factors that actual
and prospective users attach preferences to. Predicting what exactly pushes people away from old
drinking water routines and habits (that may be unsafe), and pulls them towards a newly introduced,
presumably safe(r), cheaper, and/or (more) reliable alternative, requires us to acknowledge this.

In an attempt to fill this knowledge gap, we seek to establish which factors might impact people’s
choice to use water from MAR. Building on the work of others before us [21-25], we here focus on
psychological factors and, add to that, the context-specific level of competition of the newly introduced
option with alternative drinking water solutions.

2. Explaining Variation in the Use of New Drinking Water Systems

There are a handful of theories and models that identify factors that might explain variation in the
use of water and sanitation systems in developing countries. Among these, the Protection Motivation
theory [26] and the Health Action Process Approach [27] have identified risk perception as a key
factor while the Theory of Planned Behavior considers attitude, normative, and ability factors as the
most significant factors driving choices to engage in a certain type of behavior (such as starting to use
a new drinking water system) [28,29]. Drawing insights from these theories, Mosler [21] offers the
RANAS model. In this model, psychological factors are clustered in five separate blocks, namely Risk,
Attitudinal, Normative, Ability, and Self-regulation factors.

Risk factors regard the perceived likelihood of getting sick from using water from a particular
source and the consequences thereof. Attitudinal factors regard instrumental beliefs (i.e., the opinions
of actual and prospective MAR users about effort and costs associated with using MAR) and affectional
beliefs (i.e., the opinions of actual and prospective MAR users about the taste of MAR water). Normative
factors regard descriptive norms (i.e., perceptions of which behaviors are typically performed) and
injunctive norms (i.e., perceptions of which behaviors are typically approved or disapproved of by
important others). Ability factors regard the belief in one’s capabilities to organize and execute the
course of actions required to manage prospective situations (i.e., self-efficacy) and knowing how to
perform the behavior (i.e., action knowledge). Self-regulation factors include coping and planning
(i.e., how the person plans to cope with distractions and barriers), and commitment (i.e., how committed
a person is to the new behavior).
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The importance of demand for the adoption of new and improved drinking water systems is
well understood [13]. Still, we observe that both government and non-government organizations in
low-income countries follow an approach that is largely supply-driven, i.e., community end-users are
not or hardly involved in decisions about the physical infrastructure or its governance [30]. Attempts
to understand why people do or do not use these new and improved water drinking systems often do
not consider the fact that such systems are not introduced in a vacuum: they compete with other, both
newly introduced and already functioning drinking water solutions, all with varying levels of safety
and reliability, and other factors that might affect preferences. Households are observed to use and rely
on a variety of such sources at the same time. Therefore, it may be unrealistic to expect that the newly
introduced option will replace what is already out there. Instead, it is more likely that it will occupy a
place (that may range from unimportant to dominant) within the portfolio of options that households
use or consider using.

We offer a model that combines the relevant psychological factors highlighted in the RANAS
model with the expectation that newly introduced drinking water systems have to compete with what
is already out there.

3. Materials and Methods

The study took place in three south-western coastal districts of Bangladesh. Here, drinking water
scarcity is severe due to salinity intrusion, arsenic contamination, tidal surges, and drought [31,32].
In most parts of this area, neither shallow nor the deep tube-wells are feasible due to a lack of suitable
aquifers at reasonable depths [13]. Hoque [33] found that an estimated 30 million people are unable to
collect potable drinking water due to a lack of available safe water sources.

3.1. Sample Selection

By the time of our data collection, a total of 66 MAR sites were in place in the districts of Khulna,
Bagerhat, and Satkhira. To serve our study objectives, we grouped all of these 66 MAR communities
into three categories based on the number of alternative options available within the community, such
as MAR sites with a few alternatives (i.e., 1-2 alternative water options are available); MAR sites with
some alternatives (i.e., 3 alternatives besides MAR are known to be available in the community); and
finally, MAR sites with many alternatives (more than 3 alternative options are available). Following
a purposive sampling method, we chose 15 MAR communities in total (i.e., 5 from each category)
(Figure 1). At each site selected for our samples, we followed a random route sampling method [34] to
select the households for a survey (for details, see Table 1).
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Table 1. Sampling in the study.

40f 14

S Community o o MAR Respondents Interviewees Households Average Average Average Travel Time to
ub-Samples Name Sub-Sistrict District Sites (#) (Survey) (Experts) (per Income Education Household Nearest Urban
Community) *  ($/Month) ** (years) ** Size ** Center (min) ***
MAR with a Barunpa‘ra Bat?aghata Khulna 1 35 2 486 144 7 4.23 40
fow Bhogobotipur Batiaghata Khulna 1 57 2 276 131 6 4.40 45
alternatives Chalna . Dacope Khulna 1 55 2 326 176 9 4.98 20
(1-2 options) South Ch.adpal Mongla Bagerhat 1 62 2 426 141 6 4.82 30
Boyer singa Kochua Bagerhat 1 49 2 72 129 4 494 40
guccho gram
MAR with Kayemkhula Botiaghata Khulna 1 57 2 170 138 6 4.42 45
some Kollansree Botiaghata Khulna 1 55 2 360 136 4 4.84 60
alternatives Duariara Mongla Bagerhat 1 56 2 152 190 8 4.54 50
(3 options) Achbua Dacop Khulna 1 51 2 667 206 9 4.45 60
Gazalia Kachua Bagerhat 1 48 2 365 158 6 4.81 40
MAR with Laxmikhula Paikgacha Khulna 1 48 2 220 142 7 5.21 60
many Kalikabari Morrelgonj Bagerhat 1 49 2 407 144 7 4.69 30
alternatives Chalna bazar Dacop Khulna 1 48 2 278 120 6 4.46 15
(>3 options) Bigordana Paikgacha Khulna 1 53 2 203 156 7 417 45
RTh.ekra Kaligonj Satkhira 1 57 2 421 151 7 472 40
ahimpur
Total 15 7 3 15 780 30 4829

* Data obtained from the respective local administrations; ** Calculation based on data obtained from the survey applied to our sample; *** Data obtained from local key respondents.
Numbers are based on the form of transportation that is most commonly used in the respective communities.
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Figure 1. Study areas.

3.2. Operationalization

A standardized questionnaire was developed, pre-tested, and then finalized to assess the
consumption level of MAR and the factors expected to influence variation in these consumption
levels. These factors include both psychological factors and factors related to the level of competition
MAR faces from other options. The questionnaire was translated from English to Bengali and then
re-translated from Bengali into English to check the quality of translation. The dependent variable
of this study is the percentage of MAR water in the total of water consumed for drinking purposes,
during the dry season. To determine this, participants were asked to estimate the number of pitchers
fetched from different water sources on a typical day during the dry season. To minimize a recall bias,
the survey was administered during the dry season. The total water consumption from MAR was
converted into a percentage of the total water consumption. This percentage can range from 0% to
100%. For the measurement of most variables, we used a forced-choice (ipsative) format (with four
options) that forces respondents to form an opinion, as the safe, neutral option is removed [35]. Taste,
smell, and color were measured using a Likert rating-scale (with five options) because, here, neutral
options matter. The availability of water alternatives was scored on 3-point scale (see Table 2).
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Table 2. Operationalization of the variables.

6 of 14

Dependent Variable

Definition

Assessment

Response Options

Consumption of MAR water
(in percentage)

The percentage of total drinking water
used during the dry season that comes
from MAR

How many pitchers of water from the
following water sources do you collect for
drinking purposes on a typical day during the
peak of the dry season (i.e., April)?

Open (all possible sources—including
MAR—are presented to the respondent)

Risk

Perceived vulnerability

A person’s subjective perception of
his/her risk of contracting a disease

What do you think is the chance that you will
get sick from using MAR water?

Four-point scale from high risk (4) to no
risk at all (1).

Perceived severity

person’s perception of the seriousness of
the consequences of contracting a disease

Imagine you contracted a disease (e.g., like
arsenicosis, cholera or diarrhea) from your
drinking water source, how severe would the
impact be on your daily life?

Four-point scale from very severe (4) to
not severe at all (1)

An understanding of how a person could

Factual knowledge about (i) actual
contamination levels of MAR water, (ii) the

Four-point scale from no knowledge (1)

Factual knowledge become affected by a disease transmitted  actual medical conditions that may occur from to maximum knowledge (4)
by drinking water drinking MAR water, and (iii) the treatment of &
MAR water.
Attitude
. Opinion about the distance of the How far is the MAR site located from Four-point scale from very far (4) to not
Instrumental beliefs -
MAR site your house? far at all (1)
How expensive do you think it is for you to Four-point scale from very expensive (1)
Opinion about the costs of MAR contribute to the operation and maintenance P yexp
to very cheap (4)
of MAR?
Opinion about the accessibility of the How accessible do you think the MAR Four-point scale from not accessible (1)
MAR site system is? to very accessible (4)
Affective beliefs Opinion about the taste of MAR water Do you like the taste of the water from the Five-point from “I dislike it very much

MAR system?

(1) to “I like it very much” (5)

Opinion about the smell of MAR water

Do you like the smell of the water from the
MAR system?

Five-point from “I dislike it very much”
(1) to “I like it very much” (5)

Opinion about the color of MAR water

Do you like the color of the water from the
MAR system?

Five-point from “I dislike it very much”
(1) to “I like it very much” (5)
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Table 2. Cont.

7 of 14

Dependent Variable

Definition

Assessment

Response Options

Norms

Descriptive norm

Perceptions of which behaviors are
typically performed

How many people in this neighborhood
outside your family collect water from the
MAR system?

Four-point scale from almost nobody (1)
to almost everybody (4)

Injunctive norm

Perceptions of which behaviors are
typically approved or disapproved of by
important others

Do people that are important to you rather
approve or disapprove of using water from the
MAR system?

Four-point scale from strongly
disapprove (1) to strongly approve (4)

Ability

Self-efficacy

The belief in one’s capabilities to
organize and execute the course of
actions required to manage prospective
situations

How certain are you that you can collect as
much safe water as you need from this source
during the peak of the dry season from the
MAR system?

Four-point scale from not at all certain (1)
to completely certain (4)

Action knowledge

Knowing how to perform the behavior

How capable do you think the user committee
responsible for MAR is?

Four-point scale from not capable at all
(1) to very capable (4)

Self-regulation

How the person plans to cope with

Do MAR users have a plan regarding what to

Four-point scale from no detailed plan (1)

Coping planning distractions and barriers do when the MAR system gets broken? at all to very detailed plan (4)
. How committed the person is to the new Do you feel committed to collect water from Four—pqmt scale from not at all
Commitment L h committed (1) to completely
behavior (i.e., using MAR water) the MAR system? .
committed (4)
Context

Alternative options

The level of competition that MAR faces
in a community

How many drinking water options alternative
to the MAR system do you have in your
community?

Three-point scale from many alternatives
(3) to few alternatives (1)
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3.3. Data Collection

Data was collected through household surveys and informal interviews with the community
members. Between December 2018 and February 2019, we conducted a total of 780 household surveys
from 15 MAR sites with randomly selected households through a semi-structured questionnaire.
Respondents were both users and non-users of MAR. A research team comprising seven graduate
students of a local university assisted us in carrying out surveys. They were provided with guidelines
and training on interviewing techniques. Before starting the final surveys, we conducted a pilot survey
with 50 respondents from 3 MAR communities (one from each sample category) in order to ensure that
respondents understood the questions as we intended. Interviewers conducted interviews with the
person in the selected household that was responsible for water collection. Before starting the interview,
every respondent was informed in detail about the study and their verbal consent was requested. Each
interview took around 30—40 min on average. In addition, we also conducted informal interviews with
local elected representatives and informal leaders (2 from each community). Moreover, data were
collected by reviewing official documents, field reports, and annual reports at Dhaka University’s
MAR office.

3.4. Data Analysis

Firstly, an independent sample T-test was computed to compare users and non-users of MAR in
the overall sample regarding their demographic characteristics. Secondly, a Pearson chi-square (x?)
test was performed to assess the correlation between the consumption of MAR (user and non-users)
and the availability of varying levels of alternative options. Thirdly, multiple linear regression was
conducted to identify the significant psychological and contextual determinants of consumption level
of MAR water at a multi-variate level.

4. Results

Households seek to satisfy their various drinking water preferences by relying on a portfolio of
sources. Each source may satisfy another aspect of the household’s range of preferences. Therefore,
we expected that the number of households that reported to use MAR water during the dry season
would drop as more drinking water alternatives besides MAR were available. After all, households
will benefit from the extra options to satisfy additional, different drinking water preferences. With a
chi-square test, we could corroborate this expectation (p = 0.000). When few alternatives besides MAR
are available, 45.8% of our respondents indicate using MAR water. When there are many alternatives
available, this percentage drops to 17.3%. Figure 2 shows the percentage of respondents that report
considering a particular system as either their most or their second most important drinking water
source during the dry season.
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Figure 2. Most and 2nd most important drinking water sources (combined) during the peak of the dry
season (clustered per varying service levels). For example, in communities with few drinking water
alternatives besides MAR, 29% of all respondents indicate that managed aquifer recharge is their most
or second most important drinking water source during the peak of the dry season.

In Table 3, we present the descriptive statistics for the variables used in our model.

Table 3. Descriptive statistics.

Descriptive Statistics

Factors Sub-Factors
n Range M SD
Perceived vulnerability 636 (1-4) 2.70 1.09
Risk Perceived severity 636 (1-4) 1.84 0.78
Factual knowledge 636 (1-4) 2.40 0.68
Perceived distance 636 (1-4) 2.46 0.93
Perceived cost 636 (1-4) 241 0.98
. Accessibilit 636 (1-4) 2.47 1.06
Attitude Percetved Taste 636 (1-5) 348 137
Perceived Smell 636 (1-5) 3.08 1.44
Color 636 (1-5) 4.16 1.20
Descriptive norm 636 (1-4) 2.15 0.98
Norms . .

Injunctive norm 636 (1-4) 2.32 1.07
Ability Self-efficacy 636 (1-4) 3.32 0.89
Action knowledge 636 (1-4) 2.77 0.96
. Coping planning 636 (1-4) 222 0.86
Self-regulation - itment 636 (1-4) 235 120
Context Availability of alternative options 636 (1-3) 2.14 0.81
Total household water consumption 780 open 23.27 8.56
% MAR water in total household water consumption 636 open 29.39  40.72

A linear regression analysis was conducted to identify the significant factors explaining variation
in the consumption of MAR water. Table 4 shows the correlations between predictor and dependent
variables (), unstandardized regression coefficient (B), the standardized regression coefficient (f),
standard error of B (SE B), adjusted R? and the significance level (p-value). The basic assumptions
of normality, linearity, homoscedasticity of residuals, and independence of errors were checked and
found to apply.
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Table 4. Linear regression analysis results.

Correlation Regression Analysis
Factors Sub-Factors
R B SEB p t p-Value
Perceived vulnerability 0422 4016 1237 0.108 3.246  0.001 ***
Risk Perceived severity 0.078 0390 1416 -0.008 -0.275 0.783
Factual knowledge 0.253 7239 1.682 0.122 4.304  0.000 ***
Perceived distance 0178 2322 1505 0.053 1.542 0.123
Perceived cost 0.154 2029 1.187 0.049 1.709 0.088*
Attitude Accessibility 0.250 1453 1.329 0.038 1.094 0.274
Perceived Taste 0.348 2841 1.044 0.096 2.721  0.007 ***
Perceived Smell 0250 -1.027 0937 -0.036 -1.096 0.273
Color 0.145 -0.848 1.002 -0.025 -0.846 0.398
Descriptive norm 0.583 11.201 1.409 0.270 7.950  0.000 ***
Norms Injunctive norm 0678 16109 1432 0424 11246 0.000 ***
Ability Self-efficacy 0.294 2251 1.350 0.049 1.667 0.096 *
Action knowledge 0182 -2714 1238 -0.064 -2.193 0.029 **
Self-regulation Coping planning -0.089 -3.057 1545 -0.065 —-1.979 0.048 **
Commitment 0293 0375 0.978 0.011 0.384 0.701
Context Availability of alternative options  0.236 -2.937 1.670 -0.058 -1.759 0.079*

*p <0.10, ** p < 0.05, ** p < 0.0; adjusted R? = 555.

The regression analysis reveals that out of the 16 explanatory variables in our model, 10 factors
correlate significantly at the 10% level with our dependent variable: in accordance with our expectation,
perceived vulnerability, factual knowledge, perceived costs, perceived taste, descriptive norms,
injunctive norms, and self-efficacy, all correlate positively with the percentage of households’ total
drinking water needs that are covered by MAR. Also, as expected, the availability of alternative
options correlates negatively. Contrary to our expectation, action knowledge and coping planning
correlate negatively with our dependent variable. Altogether, the adjusted R? indicates that 55.5%
of the variation in the percentage of consumption of MAR water out of the total amount of water
consumed was predicted by the 16 independent variables in our model.

5. Discussion and Conclusions

The novelty of our study regards the recognition of the fact that households in Bangladesh’s
coastal areas, just like in many other places in the world, (can) use a wide range of drinking water
options—that can be both relatively safe (e.g., MAR, deep tube-well, and reverse osmosis) or relatively
unsafe (e.g., surface or pond water, or water from an unsafe shallow tube-well, or contaminated rain
water harvesting container). People do not necessarily stick to one single source. We found that 36%
of all households in our study report relying on more than one source to satisfy their drinking water
needs during the peak of the dry season. Therefore, rather than explaining why households would or
would not be willing to adopt one particular safe drinking water technology, we opted for explaining
variation in the proportion of water from a safe option (i.e., MAR) within the entire portfolio of options
used by a household. Related to this, we leave room in our analysis for the acknowledgment of the
notion of competition between drinking water options that are being introduced and championed by a
variety of (rival) agencies and organizations.

One might expect to find more or less the same service level experienced by people that live in
the same area. However, we observe that although the service level (i.e., supply) may be similar (i.e.,
we sampled households in communities where we knew a MAR site was operation), households’ use
of these services (i.e., demand) vary significantly. In our sample, on average, about 29% of households’
drinking water needs are covered by MAR water, but the standard deviation is 40.72. What explains
this considerable variation?
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We found that risk factors, i.e., the extent to which people perceive to be vulnerable to contracting
a disease from drinking MAR water, strongly affect the proportion of MAR water that is consumed
at the household level. The more people trust MAR water not to make them sick, the higher the
proportion of MAR water in the total household drinking water consumption during the peak of the
dry season. This expected finding is in line with findings of earlier research that regards, in particular,
the propensity to use arsenic-safe water options in Bangladesh [22].

We also conclude that factual knowledge is a significant factor influencing the level of water
consumption from a relatively safe source, such as MAR: the more one knows about medical conditions
that can result from drinking unsafe water and about ways to prevent and/or treat these, the higher the
proportion of MAR water that is consumed in a household during the peak of the dry season. This
finding is convergent with Huber and Mosler [36], who found that knowledge was an important factor
affecting safe water consumption in Ethiopia.

Furthermore, perceived costs emerged as a significant factor from our analysis. When people
have the impression that the costs associated with using MAR water are reasonable, they will use it
more often. This finding is not surprising and is consistent with earlier studies [37].

Also, as expected, we observe that the more people like the taste of MAR water, the more they will
consume it. Perception or reputation play a role here, as well: when people think MAR water has a bad
taste, they are less eager to use MAR systems. This finding is also in line with earlier research [36-38].

We found that normative factors (i.e., injunctive and descriptive norms) are significantly associated
with the level of household consumption of MAR water: The more people perceive others—especially
others that matter—to approve of MAR, the higher the level MAR water consumption in a household.
This finding is consistent with earlier studies [22,37—40] that find that social norms are an important
driver of the consumption of safe drinking water in Bangladesh and elsewhere.

The stronger the belief in one’s capabilities to organize and execute the required course of actions
required—operationalized here by means of a question about the respondent’s belief that she would
be able to use as much MAR water as needed during the peak of the dry season—the higher the
proportion of MAR water in their portfolio. As expected, people prefer reliable options—i.e., options
that provide good quality water when it is needed—over sources that are less trustworthy.

Regarding the consumption of MAR water under varying levels of available alternatives, our
findings reveal that people appear less interested in MAR when there are more alternatives available in
a community. This may be due to the fact that MAR systems might not live up to people’s expectations
about costs, taste, or reliability. It may also be related to the fact that as the number of options increases,
people will seek to benefit from these extra options to satisfy additional, different drinking water
preferences. This finding is consistent with Komives et al. [25], who found that a drinking water source
is more likely to be sustainable if it is the only source available in the community.

What is surprising is the significant but negative association between action knowledge and MAR
water consumption levels. This appears to signify that the more people trust the MAR user committee
to be able to manage the operation of the MAR system, the lower the proportion of MAR water in
the total household water consumption during the dry season. We suspect that this is related to the
fact that people who do not use MAR systems think they are well-run, whereas people that do use the
systems know that this is not always the case. Also, the significant, but negative association between
coping planning and MAR water consumption levels is unexpected: if people think there is a plan
regarding what to do when the MAR system gets broken, we see the amount of MAR water they use
drops. Also, here we suspect that non-users think such plans exist, whereas MAR users know that this
is not always the case.

Based on our findings, we recommend the following to those involved in safe rural drinking water
provision in Bangladesh or in similar regions elsewhere in the world. First, realize that the people you
target have already solved part of their drinking water problems—i.e., people do not live where there
is no drinking water. As our regression results show, the perceptions of people vary according to the
number of available drinking water options. Also, realize that you may not be the only one who is,
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who has been, or who will be attempting to introduce a new and improved drinking water solution.
So, rather than parachuting a new and improved drinking water system into a community from the
top, first assess the number and nature of drinking water solutions that are already available, evaluate
community preferences and perceptions [41], and create new or tap into existing local participatory
capacities to align what you offer with these demands [42].

Second, and related to the above, appreciate that rather than committing exclusively to one
drinking water option, households may use a portfolio of sources that, in varying ways, to varying
extents satisfy one or more out of several preferences they have with regard to their drinking water
needs. The size and composition of that portfolio may depend on local supply, time (i.e., season), the
specifics of a family drinking water needs (i.e., family size and composition), household characteristics
(e.g., income and location), and norms of the wider community that the household is a part of. Do not
target full and exclusive acceptance of the drinking water option that you are advocating for.

Third, and related to the above, realize that you are asking a lot when expecting people to switch
routines that regard drinking water. In addition to focusing on hardware (i.e., making sure that the
physical infrastructure works optimally), also focus on software activities (i.e., activities regarding the
changing of people’s behavior) [24]. Our results indicate that in order to get households on board of the
newly introduced safe drinking water option, they must be convinced of the fact that the water from
that source is safe. They must be provided with factual knowledge about the link between drinking
water and getting sick. They must be convinced of the fact that the new drinking water system is
reliable in the sense that it provides all the water that is needed when it is needed. Also, the systems
get a reputation for producing drinking water that is of foul taste and is expensive, which must be
avoided. Furthermore, rather than targeting individual households, create a community level norm
that approves of the use of the source in question. Software activities go hand-in-hand with hardware
activities: engineering efforts must guarantee that MAR water is safe and tasty and that the systems
are reliable and reasonably priced.
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