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Naturally occurring arsenic in groundwater in Bangladesh poses a well-known public health threat. The 
aim of the present study is to investigate fostering and hindering factors of people's use of deep tube
wells that provide arsenic-safe drinking water, derived from the Protection Motivation Theory and the 
Theory of Planned Behavior. Structured personal interviews were conducted with 222 households in 
rural Sreenagar, Bangladesh, Multiple linear regressions were carried out to identify the most influential 
personal, social, and situational behavior determinants. Data revealed that social factors explained 
greater variance in the consumption of drinking water from deep tubewells than did situational and 
personal factors. In an overall regression, socia l factors played the biggest role. In particular, social norms 
seem to strongly influence deep tubewell use. But also self-efficacy and the perceived taste of shallow 
tubewell water proved influential. Concurrently considering other important factors, such as the most 
mentioned response cost (i.e., time needed to collect deep tubewell water), we propose a socially viable 
procedure for installing deep tubewells for the extended consumption of arsenic-safe drinking water by 
the Bangladeshi population. 

Social barriers 

1, Introduction 

Naturally occurring arsenic in groundwater is a major public 
health threat, affecting approximately 100 million people world
wide (Ahuja, 2008), in countries such as the U,S, (Shaw et aI., 
2005), Cambodia (Buschmann et al.. 2007), and numerous others 
(Amini et aI., 2008). The most arsenic-affected nation is 
Bangladesh, where, according to the latest estimations, approxi
mately 20 million people are at risk of drinl<ing arsenic-contami
nated water above the national guideline of 50 ~lg/l Uohnston and 
Sarker, 2007), An even greater number of people is exposed to this 
hazard when applying the World Health Organization (WHO) 
guideline of 10 ~Lg/i. 

The health impacts of excessive arsenic intake are diverse and 
known as arsenicosis. The earlier stages of arsenicosis are charac
terized by different forms of skin alterations. Later stages can 
include cancers of the skin, bladder, kidney, or lung (WHO, 2001). 
Also associated with the consumption of arsenic-contaminated 
water are cardiovascular diseases, diabetes, peripheral vascular 
diseases (e,g., gangrene WHO, 2001), and neurodevelopment 

• Corresponding author. Tel.: + 41 44 823 53 64; fax : +41 44 823 50 28. 
E-mail address: jennifer.ilhluen@cawag.ch U. Inauen). 

impairment in children (Wasserman et aI. , 2004). Men and the poor 
are most likely to suffer from arsenicosis (Hadi and Parveen, 2004), 
and the social and economic impacts of the disease are severe 
(Hassan et aI., 2005), 

To date, no cure for arsenicosis exists, although the beneficial 
effects of some therapeutic measures (e.g., vitamins) are being 
investigated (Smith et aI., 2000), Preventing arsenic exposure by 
supplying safe water is thus the most vital mitigation approach. 

1.1. Arsenic mitigation in Bangladesh 

In Bangladesh in the 1970s, to diminish a cholera epidemic, 
millions of shallow tubewells were installed to tap groundwater, 
changing the main source of drinking water from surface water to 
groundwater. With decreased mortality rates resulting from water
borne diseases, the campaign was declared a success until the 
detection of the first arsenicosis cases in the 1990s, which were 
linked to excessive arsenic in the groundwater (Caldwell et .11 .. 
2003). Arsenic contamination in Bangladesh was soon recognized 
to be a major public health emergency (Atkins et aI., 2007). 

While considerable achievements have been made in arsenic 
mitigation since the problem's detection, the question arises as to 
why approximate ly 57% of the initially exposed Bangladeshi (Ahmed 
et al .. 2006) remain at risk of drinking arsenic-contaminated water. 
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Possible answers may be institutional shortcomings and scientific 
and technological indeterminacies such as the debate about the best 
mitigation measures (Atkins et a!., 2007). Another possible reason 
could be the lack of knowledge on and consideration of people's 
acceptance and use of mitigation options. Of the natural science
dominated research on arsenic mitigation, only a few have been 
social science studies, mostly concerned with people's knowledge 
and awareness of arsenic contamination, arsenicosis, and arsenic 
removal options and their socioeconomic correlates (Caldwell et a!.. 
2003; Johnston and Sarker, 2007; Paul, 2004). 

Of late, the issue of behavioral influence factors other than 
awareness has been attracting more attention. Research findings 
suggest that distance to the nearest safe well (Hoque et a!., 2004; 
Opal' et a!., 2007), education (Opal' et a!., 2007), and social 
barriers for women (Hoque et a!., 2004) are related to risk mitiga
tion behavior. Additionally, the social acceptance of different miti
gation measures has been assessed by some, and people have been 
shown to prefer deep tubewells, piped water supply (Hoque et a!., 
2004), and switching to arsenic-safe wells (Van Ceen et a!., 2002). 

The abovementioned studies represent an important step 
towards an improved understanding of people's acceptance of 
mitigation options and the identification of health-protective 
behavior determinants. However, theory-based studies are mostly 
absent. 

1.2. The present study 

The aim of the present study is to address this research gap by 
investigating theory-based fostering and hindering factors of peo
ple's acceptance and use of technologies that provide arsenic-safe 
drinking water. As a mitigation option for our study, we chose deep 
tubewells because they have been the most frequently imple
mented safe water option in Bangladesh to date and have proven 
more sustainable with respect to operation and maintenance 
problems than other options (Kabir and Howard, 2007). Deep 
tubewells provide safe water by tapping deeper, arsenic-free 
aquifers. In contrast to shallow tubewells, building deep tubewells 
is quite costly. Therefore, deep tubewells are usually installed by an 
NCO or the government and have to be used by several families 
(Von BrOlllssen et a!., 2007). 

1.2.1. Healtil-protective behavior 
Psychological research indicates that the use of a new drinking 

water technology always faces several barriers in everyday life 
(Altherr et al.. 2008; Heri and Mosler. 2008 ; Moser and Mosler, 
2008). These barriers can be grouped into three categories: 
personal, social, and situational behavior determinants. Some of 
these factors have been identified in different psychological theo
ries such as the Protection Motivation Theory (Rogers and Prentice
Dunn, 1997), the Theory of Planned Behavior (Ajzen, 1985), and the 
Health Action Process Approach (Schwarzer, 2008). For the present 
study, the Protection Motivation Theory was chosen as the major 
theoretical basis given its suitability for explaining a current 
behavior. In addition, social influence on people's health-protective 
behavior was included in compliance with Ajzen's Theory of 
Planned Behavior. Finally, two possible behavior determinants that 
proved influential in previous studies were also investigated: (a) 
money contributed for the deep tubewell's installation (WSP and 
UNICEF, 2007) and (b) whether the shallow tubewell was 
perceived as arsenic contaminated (Severtson et aI., 2006). We 
classified the derived fostering and hindering factors into the 
categories of personal, social, and situational behavior determi
nants and, in accordance with the Protection Motivation Theory, 
assume the following relationships between these factors and deep 
tubewell use. 
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For personal factors, we suppose that, with increased (a) 
perceived severity of arsenicosis, (b) perceived vul nerability (like
lihood of being affected by the health threat), (c) self-efficacy 
(confidence in the ability to prevent the health threat), (d) 
response-efficacy (perceived effectiveness of the behavior in pre
venting the health threat), and (e) fear of the health threat, (f) 
decreased . response costs of the new behavior. (g) increased 
behavior-enhancing personal experiences, (h) increased awareness 
and (i) increased knowledge of arsenic contamination and arsen
icosis, there will be an increased use of deep tubewells. 

Regarding social factors, we assume that, with (a) increased use 
of deep tubewells by a person's significant others (descriptive 
norm), (b) the increased perception that they expect him or her to 
use deep tubewells (normative belief), (c) the tubewells' better 
reputation (injunctive norm), (d) greater social benefits of using 
deep tubewells, and (e) lower social response costs, the deep 
tubewells' use will increase. 

Finally, for the situational factors , we assume that (a) lower 
situational response costs of using deep tubewells (e.g., distance to 
the deep tubewell) and (b) more behavior-enhancing prior expe
riences (e.g., taste of the water) will result in increased deep 
tubewell use. Furthermore, we suppose there will be increased use 
of deep tubewells by respondents who (c) perceive their shallow 
tubewell is arsenic contaminated and those who Cd) contributed 
money to the deep tubewell's installation. 

To test the proposed assumptions, structured personal inter
views were conducted with households in rural Sreenagar. 
Bangladesh. The data was analyzed by multiple linear regressions. 

The results of this study shall add to our understanding of the 
behavior determinants that need to be enhanced or diminished in 
order to increase people's acceptance and use of deep tubewells. 
The study of deep tubewells may also serve as an example for 
research on the acceptance and use of other mitigation options. 

2. Method 

A cross-sectional survey design was employed to assess the 
behavior determinants discussed above. 

2.1. Sample and procedures 

In January and February 2008,222 randomly selected households 
of Sreenagar upazila (subdistrict) of the Munshiganj district, 
Bangladesh, took part in personal structured interviews. The partici
pating villages were selected by the union council based on the 
arsenic level in the groundwater and the availability of deep tube
wells. In total, the sampling pool consisted of approximately 12,600 
households. These were selected by the random-route method 
(Hoffmeyer-Zlotnik, 2003), which means that the interviewers went 
to every fifth household on their way through the assigned area. The 
interviews were conducted with the household member responsible 
for the drinking water supply. No approached household refused the 
interview. Experienced intelviewers from the Bangladeshi sUlvey 
institute Data International conducted the survey after having 
received supplementary training by two psychology students of the 
University of Zurich (Switzerland), who also supervised the survey. 
Each interview required approximately one hour. 

Of the 222 respondents, 70.3% were female, with a mean age of39 
years (SO = 12.2); 29.4% had never attended school; 25.7% had 
completed one to five years of schooling; 32.6% had completed six to 
10 years, and 12.4% had completed a high school degree or higher 
education. The majority of interviewees were Muslim (93.7%), with 
the remainder being Hindu. The mean number of household 
members was 5.5 (SO = 2.3); 61 % of the respondents were home
makers; 9% were self-employed or business owners ; 7% worked in 
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the agricultural sector; 6% were regularly employed; 4% were 
unemployed, and 7% had other occupations. 

2.2. Measures 

A structured questionnaire was specifically developed for this 
study. It contained a sociodemographic section and questions about 
water consumption and personal, social, and situational determi
nants of deep tubewell use. Some items were constructed following 
examples from previous studies: perceived severity, vulnerability, 
self-efficacy, and response-efficacy were formulated similarly to 
Martin et al. (2007), and a knowledge score was created in accor
dance with that employed by Paul (2004). The questionnaire was 
pre-tested in Bangladesh and then revised. 

2.2.1. Drinking water consumption 
The dependent variable of this study is the quantity of deep 

tubewell water used for drinking. To assess this, respondents were 
asked to estimate the number of pitchers they collected from 
different water sources each day. Sources offered were deep tube
well, shallow tubewell, dug well, rainwater, river or canal, pond, or 
other. From this information, the interviewers calculated the 
percentage of the total number of pitchers collected per household 
per day from the deep tubewell. 

2.2.2. Personal factors 
Perceived severity of arsenicosis was assessed with three items. 

Respondents were asked to rate how serious they perceived the 
personal negative consequences of arsenic contamination to be 
(1 = not at all serious to 4 = very serious) and how severely con
tracting arsenicosis would impact their social and economic life 
(1 = not at all severely to 4 = very severely). The scale was con
structed by adding the values for the three items and dividing this 
sum by three. Cronbach's alpha for the severity scale reached 
a satisfactory 0.80, indicating good reliability. 

To measure perceived vulnerability to suffering from arsen
icosis, respondents were asked to rate both their personal likeli
hood of contracting arsenicosis and the likelihood of household 
members contracting arsenicosis (1 = very likely to 4 = not at all 
likely). Again, the values of the two items were summed and then 
divided by two. Reliability of the vulnerability scale was very good 
(0' = 0.95 ). 

Self-efficacy in preventing arsenicosis was operationalized with 
respondents' ratings of their confidence in their ability to provide 
arsenic-safe water for their families and their general confidence in 
their ability to protect their families from arsenicosis (1 = not at all 
confident to 4 = velY confident). The self-efficacy scale was also 
constructed by adding values for the two items and dividing the sum 
by two. Cronbach's alpha for this scale was velY high (a = 0.95). 

Response-efficacy in preventing arsenicosis was assessed indi
rectly by respondents' estimation of how free from arsenic was the 
water they used from the deep tubewell (1 = not at all free to 
4 = totally free). 

Furthermore, fear of contracting arsenicosis was measured by 
asking respondents to rate how afraid they are of suffering from 
arsenicosis (1 = not at all afraid to 4 = very much afraid). 

Personal response costs were operationalized by respondents' 
perceived expenditure of time to collect water from the deep 
tubewell (1 = very low to 4 = very high), their exhaustion due to 
collecting deep tubewell water, and the rating of their annoyance at 
sharing the deep tubewell with other people (1 = very low to 
5 = very high). 

To measure personal experiences regarding the use of deep 
tubewells, respondents were asked to rate the extent of their 
experienced reservations about drinking deep tubewell and 

shallow tubewell water (1 = no reservations to 5 = velY many 
reservations) and to indicate the perceived hazardousness of the 
path to the deep tubewell (1 = very low to 5 = very high). 

Participants' awareness of arsenic contamination was assessed 
by asking whether respondents were personally affected by 
arsenicosis and if they were acquainted with people affected by 
arsenicosis (1 = no, 2 = yes). Finally, knowledge of arsenic 
contamination and arsenicosis was measured by four items and 
integrated to a score, following the procedure in Paul (2004): 
respondents were asked whether they had heard of arsenic 
contamination (yes = 4 points), what the sources of arsenic 
poisoning are (drinking arsenic-contaminated water = 4 points; 
cooking with arsenic-contaminated water = 6 points), what the 
symptoms of arsenic poisoning are (each correct answer = 2 
points), and how long it takes to develop symptoms (2-20 
years = 4 points). The score was calculated by adding all points, 
with a possible maximum of 32 points. 

2.2.3. Social factors 
Three different types of norms were assessed to measure social 

influence. For the descriptive norm, respondents were asked to 
indicate whether deep tubewells were used by their families or the 
members of their villages (1 = no, 2 = yes). The normative belief 
regarding the use of deep tubewells was assessed by agreement to 
the statement: 'My family members want me to get water from the 
deep tubewell' (1 = not at all to 5 = very much so). Similarly, the 
injunctive norm (i.e., the behavior's reputation) was measured by 
subjects' ratings of the statements 'I think positively about others 
using deep tubewells' and 'Others think negatively about people 
using deep tubewells' (1 = not at all to 5 = very much). 

Furthermore, the social benefit of using deep tubewells was 
assessed by asking respondents whether they like to chat at the 
deep tubewell (1 = not at all to 5 = velY much). 

Finally, social response costs were measured with an open 
question that asked respondents to name any disadvantages of 
using deep tubewell water. Interviewees mentioned social costs, as 
well as a number of situational response costs. The social disad
vantages included the location of the deep tubewell near a mosque, 
a school, or in a very crowded area, which makes it difficult for 
women to access the well, since in Bangladesh it is not socially 
acceptable for women to meet with men outside their families. 
These disadvantages were grouped into the single factor of social 
barriers for women: if one or more of these social disadvantages 
was mentioned by the respondent, this was coded as 2 (= yes), 
otherwise as 1 (= no). 

2.2.4. Situational factors 
Situational response costs were measured with the open item 

described above and additionally by seven structured items: (a) the 
time needed to collect water from the deep tubewell (1 = 1-5 min. 
to 6 = 26-30 min., 7 = >30 min.), (b) respondents' perception of 
the waiting time at the deep tubewell as too long (1 = not at all to 
5 = very much), (c) the operability of the deep tubewell (1 = very 
bad to 5 = velY good), (d) if there are any limitations on using the 
deep tubewell and, more specifically (1 = no, 2 = yes), (e) whether 
there are seasonal limitations on using the deep tubewell (e.g., due 
to floods in the rainy season, 1 = no, 2 = yes), as well as (f) the 
laboriousness of collecting water from the deep tubewell compared 
to the shallow tubewell (1 = shallow tubewell is much more labo
rious to 5 = deep tubewell is much more laborious), and (g) the 
accessibility of arsenic-safe water (1 = very low to 5 = velY high). 

As prior experiences, respondents' beliefs about the healthiness 
(1 = velY unhealthy to 5 = very healthy) and taste (1 = very bad to 
5 = very good) of deep tubewell and shallow tubewell water were 
measured. 



Furthermore, perceived arsenic contamination of the shallow 
tubewell was assessed by asking respondents how free from 
arsenic they thought the water from their shallow tubewell was 
(1 = no contamination to 4 = very high). Finally, respondents were 
asked to indicate whether they had contributed any money to the 
deep tubewell's installation (1 = no, 2 = yes). 

2.3. Data analysis 

Data was analyzed using SPSS 15.0. First, frequencies of all 
variables were computed. To make the display of frequencies 
comparable to that of the other variables, the scaled constructs of 
this study were categorized. However, for all further statistical 
procedures, the scaled form of these constructs was used. Perceived 
severity, vulnerability, and self-efficacy scales were each grouped 
into four categories (steps of 0.75): 1-1.75 (very low) to 3.25- 4 
(very high). The knowledge score was divided into five categories 
from 0-7 points (very low knowledge) to 24-32 points (very high 
knowledge). 

Second, correlations and multiple linear regressions were per
formed. Three separate multiple linear regressions were calculated 
to identify the most influential personal, social, and situational 
behavior determinants. Furthermore, a final model including all 
significant factors of the first three regressions was computed. The 
enter method was applied to insert predictor variables into 
regressions, since it was of interest to our study to investigate all 
hypothesized behavior determinants instead of testing a specific 
behavior theory. For all regression models, assumptions of no 
multicollinearity, normally distributed residuals, and independent 
errors were met. 

3. Results 

As much as 87.4% of the interviewees drank some deep tubewell 
water. and 62.2% drank some shallow tubewell water. While 36.9% 
of the respondents drank no water from the shallow tubewell. 14% 
drank no water from the deep tubewell. More than half of the 
respondents drank 60% or more deep tubewell water, but only one
fourth of the interviewed households consumed more than 60% 
shallow tubewell water. 

3.1. Descriptive statistics 

3.1.1. Personal factors 
Survey data indicate that more than twp-thirds of the respon

dents assessed the consequences of arsenicosis to be rather or very 
serious (perceived severity), while 38.8% of the interviewees 
believed there was a major risk of contracting arsenicosis 
(perceived vulnerability), 59.3% felt confident in protecting them
selves and their families from arsenicosis (self-efficacy), and nearly 
all respondents thought that using water from a deep tubewell was 
an efficient response for consuming arsenic-safe water (response
efficacy). Nevertheless, a large majority of the respondents (73.4%) 
were afraid of contracting arsenicosis (fear). Regarding personal 
response costs of using deep tubewells, two-thirds of the respon
dents rated the time to collect water from a deep tubewell as high 
or very high, and 47% felt exhausted collecting' water from the 
tubewells. However, sharing did not emerge as problematic for 
most interviewees: only 27.5% reported annoyance at sharing the 
deep tubewell with others. 

3.1.2. Social factors 
Almost 90% of the respondents stated that the deep tubewell 

was used by their family or other villagers. Half of the participants 
thought their family wanted them to collect water from a deep 
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tubewell (normative belief). Data suggests that collecting water 
from a deep tubewell is socially a highly regarded behavior, as 
95.7% of the respondents thought positively about others collecting 
water from deep tubewells, and 79.8% did not expect others to 
think negatively about somebody collecting deep tubewell water 
(injunctive norm). 

As many as 37.9% of the respondents reported looking forward 
to having a chat at the deep tubewell (social benefi t ). Social barriers 
for women included traditional and religious limitations, the 
proximity of a deep tubewell to a mosque, and those situated in 
crowded public places: 25.2% of all interviewees mentioned at least 
one of these limitations (social response cost). 

3.1.3. Situational factors 
Almost all (207) respondents have shallow tubewells in front of 

their houses. Nearly all respondents spend fewer than 15 min col
lecting water from a shallow tubewell. while 39.1 % spend more 
than 15 min collecting deep tubewell water, and nearly half of the 
interviewees (46.3%) stated they sometimes have to wait too long at 
the deep tubewell. 

In general, operability of the deep tubewell seems to be satis
factOlY; 76.9% of the respondents reported that the operability was 
good; more than half noted no limitations and 73% no seasonal 
limitations on using the deep tubewell. 42.9% found it more labo
rious collecting water from deep tubewells compared to shallow 
tubewells, and, consequently, three-quarters of the interviewees 
rated the accessibility to arsenic-safe water as low or very low. 

The concentration of arsenic seems to be a critical issue in 
assessing the healthiness of water: 19% believed the shallow 
tubewell water was healthy (prior experiences). but nearly all 
respondents considered the deep tubewell water healthy. 

3.2. Correlations 

At first, all factors significantly associated with the dependent 
variable (i.e., the quantity of deep tubewell water used for drinking) 
were identified by means of bivariate correlations. ContralY to our 
assumptions, the following factors did not correlate significantly 
with the dependent variable and were therefore not included in the 
subsequent analyses: perceived severity, response-efficacy, fear, 
annoyance at sharing the deep tubewell, knowledge, the item 
'family wants me to get water from the deep tubewell' (normative 
belief), seasonal limitations on using deep tubewells, the item 
'laboriousness of collecting water from the deep tubewell versus 
the shallow tubewell: and 'money contributed to building the deep 
tubewell'. Also, none of the respondents' socioeconomic charac
teristics (gender, education and age) were significantly correlated 
with the quantity of deep tubewell water used for drinking and 
were therefore not analyzed further. 

3.3. Regressions 

3.3.1. Personal factors 
Four of the nine personal factors contributed significantly to the 

quantity of deep tubewell water used for drinking (see Table 1). As 
assumed, these findings indicate that more positive personal 
experiences concerning deep tubewell water (i.e., fewer reserva
tions about drinking deep tubewell water) and more negative 
personal experiences with shallow tubewell water (i .e., more 
reservations about drinking shallow tubewell water) are associated 
with greater perceived self-efficacy, and lower response costs (i.e. , 
the perception of time required being a waste of time) with 
increased use of deep tubewells. The model examining the personal 
aspects explains 34.6% of the total variance in the quantity of deep 
tubewell water used for drinking. 
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Table 1 
Simultaneous linear regression of persona l factors on quantity of deep tubewell water used for drinking (N = 186). 

Personal factors B 

Perceived vulnerability to suffering from arsenicosis 1.598 
Self-efficacy in preventing arsenicosis 10.408 
Perceived expenditu re of time to collect water from OTW - 6.723 
Exhaustion due to collecting OTW water 0.559 
ReservatiOl~s about drinking OTW water - 7.126 
Reservations about drinking STW water 7.001 
Perceived hazardousness of path to OTW - 3.408 
Personally affected byarsenicosis - 16.746 
Acquaintance with people affected by arsenicosis - 9.742 

Note : adjusted R2 = 34.6%. DTW = deep tubewell. STW = shallow tubewell. 

3.3.2. Social factors 
The regression evaluating the social variables (see Table 2) 

supports almost all of the proposed relationships between the 
social factors and deep tubewell use. Social barriers for women 
(social response costs) are an important factor impeding the use of 
deep tubewells. One factor identified for the enhancement of the 
consumption of deep tubewell water is the injunctive norm (Le., 
thinking positively about others' use of deep tubewells and 
perceiving others as not thinking negatively about people using 
deep tubewells). Furthermore, the social benefit of chatting at the 
deep tubewell was found to be an indicator of increased use of deep 
tubewells. However, the strongest influence factor revealed by this 
regression model was whether the respondent's family used the 
deep tubewell for drinking (descriptive norm): if family members 
collect deep tubewell water, the respondent is more likely to also 
fetch water from the deep tubewell. In total, the social variables 
account for 47% variance in deep tubewell use. Since the descriptive 
norm (deep tubewell water used by family), due to its strong 
association with the dependent may act as a suppressor of other 
constructs' effects on deep tubewell use, we carried out an addi
tional regression analysis without this factor. This analysis revealed 
the strongest influence on the dependent now to be the other 
measure of the descriptive norm: the use of deep tubewells by the 
respondents' neighbors ((3 = 0.440, P < 0.001), which was an 
insignificant factor in the first regression. This model explained far 
less variance than the model including both measures of the 
descriptive norm (adj. R2 = 0.289). In a third regression , we 
excluded both descriptive norm variables : this model was able to 
explain very little variance in deep tubewell use (adj. R2 = 0.099). 

3.3.3. Situational factors 
The exploration of the situational aspects (see Table 3) 

confirmed the following assumptions : greater accessibility to 
arsenic-safe water and better taste of deep tubewell water means 
increased consumption of the water. However, lower quantities of 
deep tubewell water are consumed when more time is needed for 
its collection, and the shallow tubewell water is perceived as 
healthier and tastier. In total. the model containing situational 
factors explained a variance of 38.4% in the consumption of deep 
tubewell water. 

Table 2 

SE {J P (Hailed) 

3.378 0.036 0.473 0.318 
3.715 0.232 2.802 0.003 
2.793 - 0.187 - 2.407 0.009 
1.848 0.024 0.302 0.381 
2.348 - 0.201 - 3.035 0.001 
1.934 0.263 3.620 0.000 
2.829 - 0.081 - 1.205 0.115 

18.859 - 0.060 - 0.888 0.188 
7.166 - 0.088 - 1.359 0.088 

3.3.4. Overall regression 
In order to determine the relative importance of the personal 

versus social or situational factors, an overall model containing all 
the factors found to have a significant influence on deep tubewell 
water consumption was calculated (see Table 4). This regression 
analysis revealed that two social factors, namely the descriptive 
norm (deep tubewell used by family) and the injunctive norm 
(people thinking negatively about others' use of the deep tubewell), 
as well as one personal factor (self-efficacy) and one situational 
factor (taste of shallow tubewell water), remained as significant 
influences. The overall model accounts for 59% variance, which 
means that the identified factors explain the consumption of deep 
tubewell water quite well. 

4. Discussion 

The aim of our study was to identify the factors that either foster 
or hinder the consumption of drinking water from arsenic-safe 
deep tubewells. Primarily, the potential factors were derived from 
the Protection Motivation Theory (Rogers and Prentice- Dunn, 1997) 
and grouped into personal, social, and situational factors. 

4.1. Summary and interpretation of results 

To sum up, interview data revealed that social factors explain 
more variance (47%) than either situational (38.4%) or personal 
factors (34.6%) in the consumption of drinking water from deep 
tubewells. In the overall regression, social factors had the greatest 
impact; in particular. social norms (injunctive and descriptive 
norms) seem to strongly influence the use of deep tubewells. This is 
in line with findings on other health-protective behaviors: for 
example, Fekadu and Kraft·s (2002) study revealed that social 
norms were more influential than personal factors in explaining 
intentions to use contraceptive methods by Ethiopian women. 
Nevertheless, the other relevant influences should not be dis
regarded because they give additional hints for interventions that 
may increase the use of deep tubewells. 

Three response costs (social barriers for women, time needed, 
and perceived expenditure of time to collect deep tubewell water) 
and one benefit of deep tubewell use (liking to chat at the deep 

Simultaneous linear regression of socia l factors on quantity of deep tubewell water used for drinking (N = 178). 

Social factors B SE {J P (Hailed) 

OTW used by family (descriptive norm) 65.641 8.528 0.568 7.697 0.000 
OTW used by villagers (descriptive norm) 10.287 9.824 0.076 1.047 0.148 
Think positively about others using OTWs 9.81 9 3.441 0.161 2.853 0.002 
Others think negatively about people using OTWs - 6.127 1.861 - 0.186 - 3.292 0.001 
Like to chat at the OTW (socia l benefit) 3.619 1.505 0.139 2.405 0.009 
Social barriers for women (response cost) - 11.029 5.002 - 0.126 - 2.205 0.014 

Note: adjusted R2 = 47.0%. OTW = deep tubewell. 
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Table 3 
Simultaneous linear regression of situational factors on quantity of deep tubeweli water used for drinking (N = 149). 

Situational factors B 

Time needed to collect OlW water - 6.723 
Perception of waiting-time at OlW as too long 0.566 
Operability of OlW 1.597 
Limitations on using OlW 4.776 
Accessibility to arsenic-safe water 8.181 
Healthiness of OlW water 7.401 
Healthiness of SlW water - 11.665 
Taste of OlW water 6.578 
Taste of SlW water - 8.449 
Perceived arsenic contamination of S1W 1.050 

Note : adjusted R2 = 38.4%. OlW = deep tubewell, S1W = shallow tubewel!. 

tubewell) were identified as influencing factors. Further, the taste 
of the water from both types of tubewells, the personal factors of 
experienced reseIVations about drinking deep and shallow tube
well water, perceived healthiness of shallow tubewell water, self
efficacy, and accessibility to arsenic-safe water influenced the use 
of deep tubewells. 

That social factors playa decisive role is not surprising because 
social and cultural norms are highly valued in the Bangladeshi 
society. with the family at its core (Anderson and Eswaran. 2009). 
Along with this societal structure, family and neighbor behavior has 
been revealed as the most cruCial indicator of a respondent's own 
use of deep tubewells. Hence, social norms have a strong influence 
on individual behavior. a result that replicates findings from studies 
on other health-protective behaviors in other parts of the world 
(Altherr e t al.. 2008; Heri and Mosler. 2008; Graf et al.. 2008; Moser 
and Mosler, 2008). The results of this study indicate that prevalent 
social norms encourage the use of deep tubewells: the attitude of 
the respondents and the perceived attitude of significant others are 
predominantly favorable. Thus, the reputation of using deep 
tubewells seems to be good and socially well accepted. This is 
consistent with the findings of Hoque et al. (2004) and Van Geen 
et al. (2002) that switching to arsenic-safe wells is a very popular 
arsenic mitigation option in Bangladesh. 

The common reputation of deep tubewell use is good, but only 
half of the inteIViewees believed their family members wanted 
them to use the deep tubewell. What reasons lead to the gap 
between a positive attitude towards the use of deep tubewells and 
family members' reseIVations about deep tubewelluse? Van Geen 
et al. (2002) pointed out that women are expected to not leave the 
homestead unaccompanied. and Hoque et al. (2004) found that 
social barriers for women influence arsenic mitigation behavior. 
These findings are supported by the present data : one-quarter of all 

Table 4 

SE Ii p (Hailed) 

2.140 - 0.296 - 3.142 0.001 
2.233 0.023 0.253 0.400 
3.283 0.040 0.486 0.3 14 
5.973 0.063 0.800 0.213 
3.820 0.205 2.141 0.017 
5.261 0.115 1.407 0.081 
3.501 - 0.315 - 3.332 0.001 
3.776 0~140 1.742 0.042 
3.006 - 0.244 - 2.811 0.003 
4.002 0.023 0.262 0.397 

inteIViewees mentioned social barriers for women decrease their 
use of deep tubewells. These barriers can be grouped into relative 
and absolute obstacles : some women are permitted to use deep 
tubewells on the condition they do not talk to men, whereas some 
women are not allowed to leave the homestead at all, due to 
traditional religious practices (Anderson and Eswaran, 2009). Many 
respondents reported women often felt harassed if they used the 
deep tubewell. 

The most mentioned response cost was the time needed to 
collect deep tubewell water. This confirms the findings of Van Geen 
et al. (2002) and Hoque et al. (2004). who found that the use of 
deep tubewells is related to the distance to the well. In addition. 
Van Geen et al. (2002) reported that women collect water an 
average of 2.4 times a day, indicating that the time needed to collect 
deep tubewell water gets cumulated during the day. The single 
behavior-influencing benefit of deep tubewell use identified was 
meeting people at the deep tubewell and having a chat. Once again. 
this emphasizes the importance of social aspects. 

The significant effect of self-efficacy means that people 
confident in their ability to carry out the protective behavior 
perform this behavior to a greater extent than non-confident 
people. The finding that self-efficacy is an important determinant 
of health-protective behavior confirms convergent evidence from 
past research (e.g .. Floyd et aI., 2000). 

The prior experiences "good taste" in combination with perceived 
healthiness of shallow tubewell water impedes the consumption of 
deep tubewell water. This is consistent with Severtson et al. (2006). 
who found that personal experience (perceived water quality) miti
gated the influence of communicated test results and safety standards 
(external sources) on reducing arsenic exposure. This means that 
when people perceive their water as being of good quality, they will 
not change to an alternative source. 

Simultaneous linear regression of all significa nt fa ctors from previous regressions on quantity of deep tubewell water used for drinking (N = 176). 

All previously significant factors B SE Ii p (I-tailed) 

Self-efficacy in preventing arsenicosis 7.885 3.241 0.176 2.433 0.008 
Perceived expenditure of time to collect water from OlW - 1.239 3.110 - 0.034 - 0.399 0.345 
Reservations about drinking OlW water - 2.757 2.159 - 0.078 - 1.277 0.102 
Reservations about drinking SlW water 2.227 1.938 0.084 1.1 50 0.126 
OlW used by family (descriptive norm) 46.969 7.770 0.406 6.045 0.000 
Think positively about others usi ng OlWs 3.318 3.536 0.054 0.938 0.175 
Others think negatively about people using OlWs - 4.379 2.162 - 0.133 - 2.026 0.022 
Like to chat at the OlW (social benefit) 1.867 1.639 0.072 1.139 0.128 
Social barriers for women (response cost) - 5.084 5.142 - 0.058 - 0.989 0.162 
Time needed to collect OlW water - 2.32 1 1.908 - 0.102 - 1.216 0.113 
Accessibility to arsenic-safe water 3.545 3.219 0.089 1.1 01 0.136 
Healthiness of SlW water - 3.983 3.008 - 0.108 - 1.324 0.094 
Taste of OlW water 1.913 2.823 0.041 0.678 0.250 
Taste of SlW water - 5.964 2.349 - 0.172 - 2.538 0.006 

Note : adjusted R2 = 59.0%. OlW = deep tubewell, SlW = shall ow tubewel!. 
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4.2. LimitatiollS of the study and further research 

In ruture studies some of our variables should be improved in their 
conceptualization. Paul's (2004) instrument we used to assess 
knowledge did not discriminate between awareness and knowledge. 
A differentiation of the two concepts would provide more clarity. Our 
measure of awareness, furthermore, was about the experience with 
illness but should ideally be formulated as being aware of or having 
heard of a threat (Weinstein, 1988). Also, the distinction between 
nonnative belief and injunctive norm may not be as clear as we 
suggested and should be investigated more thoroughly. Finally, the 
difference between self-efficacy and response-efficacy should be 
made more explicit:, conceptualizing self-efficacy as the control over 
the behavior itself and response-efficacy as the control over outcomes 
or events (Ajzen, 2002; Lam, 2006). 

Factors such as knowledge, awareness, fear, vulnerability, and 
severity unexpectedly revealed no effects on health-protective 
behavior, which may be due to the fact that our sample displayed 
high values in these variables. Therefore, for a population not so 
aware of the health threat, there might be an effect on behavior. 
Furthe r, the results reveal possible dependencies between the 
independent variables, but in the absence of a usable theoretical 
model, no causal model structure can be tested. We hope that the 
presented work can serve as a basis for proposing a causal model 
that can be tested with structural equation modeling. 

One of the next steps would be to implement a field experiment 
to test the procedure for enhancing the use of deep tubewells 
proposed below for its feasibility and usefulness. Different 
measures should be tested for their effectiveness and, as a criterion 
variable, the extent of the sample's deep tubewell water 
consumption should be employed. 

Finally, the question regarding generalizability of the results of 
the present study remains. Are the identified factors relevant to 
arsenic mitigation options other than deep tubewells, or even to 
otlier health-protective behaviors? As previously mentioned, for 
some factors (e.g., social factors), studies indicate the importance of 
the present factors for other health-protective behaviors (Altherr 
et aI., 2008; Heri and Mosler, 2008; Graf et aI., 2008; Moser and 
Mosler, 2008). However, further research regarding different miti
gation options, preferably in different regions of Bangladesh and 
other parts of the world, is needed to develop a more compre
hensive understanding of water-related health-protective behavior. 

4.3. Conclusions and implications for practice 

The fact that knowledge, awareness, and perceived vulnerability 
and severity did not show any influence on the use of deep tube
wells does not mean these factors are not important. Rather, we 
distinguish these factors as preconditions for any behavior in the 
health sector. 

Deep tubewells seem to be a viable and well-accepted arsenic 
mitigation option. This implies that the emphasis of intervention 
programs should not focus mainly on the acceptance of deep 
tubewells, but more on their increased use. At the core of any 
promotion program for the use of deep tubewells, social inter
ventions should be applied. First, the whole family, but also 
neighbors need to be convinced, as this is where the greatest 
influence is found. Furthermore, people's reservations have to be 
taken seriously, especially the social barri ers for women, together 
with improved accessibility to the deep tubewells. Combining these 
issues with the hindering factor of time required to collect water, 
the following procedure for installing new deep tubewells is 
recommended. 

First, one should plan to install several tubewells for a single 
village rather than a single well. This procedure allows the 

distribution of the tubewells at an optimal distance for most 
households. However, geometry should not be the lTlain criterion, 
as social geometry is more important. Therefore, the optimal 
position of the deep tubewells should be discussed and decided 
upon with the villagers' participation. With rega rd to social 
barriers for women, enclosing the location with walls or screens 
could be a solution. Furthermore, special opening hours of the 
deep tubewells, for men and woman separately, may be helpful, 
with the added benefit of providing an opportunity for women's 
social interaction . Most importantly, deep tubewells should never 
be constructed in front of a mosque or in crowded public places. 
In a next step, social influence strategies should be applied both 
at the family and the village level, in order to establish social 
norms favoring the use of deep tubewells. A possible approach 
may be to identify and target the opinion leader (Rogers, 2003 ; 
Mosler and Martens, 2008) in each extended family. Once 
convinced, the use of deep tubewells should disseminate from 
the opinion leader, who serves as a social model (Ba ndura, 1977) 
for other members of the family. Similarly, opinion leaders at the 
village level (Le., well-respected community members or re li
gious lead ers) should be convinced to use the dee p tubewells. 
Thereby. the development of an injunctive norm for deep tube
well use can be enhanced. 

Convincing people to use the deep tubewells may focus on the 
confidence that one can act adequately to prevent arsenicosis by 
consuming deep tubewell water and that one is not helpless 
when faced with this threat. Important issues also include the 
taste and healthiness of shallow tubewell water compared to 
deep tubewell water. It should be clearly demonstrated that 
shallow tubewell water is not at all healthy (which is sometimes 
done by painting these pumps red ; see Caldwell et al.. 2006). and 
the good taste and healthiness of the deep tubewell water should 
be emphasized. 
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