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SUMMARY

Understanding the behavioral drivers of technology adoption is critical to promoting public health in rural areas, 

particularly in the context of safe drinking water. This study investigates the psychological determinants of 

adopting a community-based water purification technology deployed in 300 rural communities. Using a two- 

stage regression framework, we correct for endogeneity in behavioral models, showing that adoption itself 

can reshape psychological drivers such as perceived benefits and descriptive norms. Cultural factors, 

measured through Hofstede’s dimensions and World Values Survey constructs, serve as instrumental vari

ables to address reverse causality. Our findings reveal that cultural factors such as generalized morality, belief 

in hard work, and collectivism indirectly shape adoption behavior by influencing psychological perceptions. 

These results offer methodological and practical contributions by demonstrating how culturally informed inter

ventions, aligned with community values, can enhance the long-term adoption of water purification initiatives.

INTRODUCTION

Although water covers 71% of the earth’s surface, the availability 

of clean, affordable drinking water remains one of the most 

pressing global issues as a result of the depletion of fresh water.1

By 2040, nearly one in four children worldwide is expected to 

reside in high-water stress areas.2 This worsens an already crit

ical situation, that as of 2022, about 2 billion people were without 

access to a safe water supply, contributing to a significant 

portion of health risks and avoidable deaths.3 Despite consider

able progress toward SDG 6, India is one country that remains 

water-stressed, particularly in rural areas, where access to clean 

water remains limited.4 The implications of these water access 

problems are massive, which include an estimate that 37.7 

million Indians suffer from water-borne diseases each year and 

1.5 million children die from diarrhea each year.5,6

Community-based water purification technologies play a 

pivotal role, especially in rural regions, in bridging the gap in ac

cess to clean drinking water.7 Moreover, these technologies are 

quite relevant for rural India, where the centralized water distribu

tion network is not able to meet the needs of the population.8 Yet 

despite their advantages, these community-based purification 

technologies are not always consistently adopted as the primary 

source of purified water.9,10

The success of such technologies depends not only on tech

nical functionality or infrastructure availability but also on the 

behavioral and social dynamics that govern their adoption. 

Several studies have elaborated on psychological and contextual 

factors explaining the decision to adopt such technologies, 

emphasizing barriers and drivers that could be useful for targeted 

interventions aiming to promote the adoption.11 By making use of 

established psychological concepts and frameworks, we can bet

ter understand why certain communities do or do not adopt water 

purification technologies. For example, the risk-attitude-norm- 

ability-self-regulation (RANAS) model12 focuses on the role of 

risk perception, personal norms, and self-regulation, while the 

health belief model (HBM)13 focuses on how severity and benefits 

perceptions promote health-related behaviors. The other is the In

tegrated Behavioral Model for WASH (IBM-WASH),14 which inte

grates individual, social, and contextual factors. In this article, 

we primarily utilize the theory of change (ToC) proposed more 

recently11 as the framework outlines the psychological determi

nants and contextual factors of the adoption of decentralized wa

ter treatment technologies (see Figure 1). Some of the key ToC de

terminants are perceived vulnerability and severity to water-borne 

diseases, perceived costs, and benefits, e.g., cost-effectiveness 

and ease of access, and social norms. All of these factors play a 

significant role in shaping the community’s acceptance behavior 

toward adopting them.11,15–18 For example, when people believe 

they can easily access purified water and view the technology as 

affordable and financially sustainable over the long term, they are 

more likely to adopt it.

The challenge of endogeneity

Technology adoption is not a one-way process. In turn, it can also 

affect psychological factors or perceptions that are presumed to 
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drive it.19 For example, in many studies social norm is viewed as a 

one directional predictor that predicts technology use by the 

assumption of its influence.20 Alternatively, community members 

who adopt water purification technologies can also create 

and strengthen social norms within their community to support 

further adoption.21 It demonstrates a bidirectional feedback loop 

between psychological predictors and technology adoption 

behavior of water purification technologies. These interrelated 

connections highlight the complexity of social impact and chang

ing behavior. It also indicates that well-established behaviors can 

evolve and can change the norms of communities over time.22

The adoption of community-based water purification technol

ogies is often studied through regression analyses, where psy

chological factors serve as independent variables and adoption 

is treated as the dependent variable. These methods, however, 

usually assume that errors in the dependent variable are unre

lated to the outcome variables. This assumption may not always 

hold true in behavioral studies. Correlations can arise from the 

endogeneity of independent variables. Such endogeneity can 

occur due to reverse causality, e.g., when the adoption of com

munity purification technologies impacts the psychological fac

tors and perceptions within the community19,20

Endogeneity is a common issue in empirical research, partic

ularly in fields such as business, management, and WASH- 

related behavior studies, where feedback loops between 

psychological, social, and resource factors can bias causal 

estimates. This bias can distort the true effect of independent 

variables on the dependent variable, resulting in misleading 

interpretations, particularly when studying water use behavior 

explained by psychological factors. Therefore, controlling for en

dogeneity is crucial to produce reliable inferences, especially 

when investigating how perceptions and beliefs influence real- 

world decisions such as the adoption of community-based water 

purification technologies.

Objectives and contributions to the study

To address the methodological challenge of endogeneity in 

behavioral adoption research, this study adopts a two-stage 

regression approach in which potentially endogenous psycho

logical variables are first predicted using cultural traits as instru

mental variables (IVs). Culture has long been recognized as a key 

foundation for understanding psychological processes and 

behavior.23 We use cultural traits, such as trust, individualism, 

and beliefs about control or effort, as instrumental variables 

(IVs). These traits, sourced from frameworks such as the World 

Values Survey and Hofstede’s dimensions, are theoretically 

exogenous and temporally stable. Cultural factors, being slow- 

moving and stable over time, indirectly influence technology 

adoption through their effects on psychological factors such as 

perceived norms or self-efficacy but do not directly influence 

adoption (see Figure 2). This satisfies the conditions for valid in

struments, allowing us to isolate the causal effect of psycholog

ical factors on the adoption of water purification technologies, 

mitigating the bias introduced by reverse causality. While the 

Figure 1. ToC, mapping potential pathways to the adoption of community-based water purification technology 

Figure adapted with permission from.11
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use of IVs in WASH-related behavioral studies, particularly in 

developing countries, remains rare, a few examples exist. For 

instance,19,24 incorporated IVs to mitigate endogeneity.

Cultural elements, such as traditions, religious beliefs, and 

family dynamics, play a crucial role in shaping psychological pro

cesses and behaviors, indirectly impacting technology adop

tion.25 The literature review shows that culture has an impact 

on thought processes, responses, and behaviors by virtue of 

values and experiences.26,27 For instance, psychological factors 

such as perception and attitudes are influenced by cultural 

norms and social roles, which, in turn, impact consumer 

behavior.28 Moreover, traditions and religion as well as the com

munity values that one adheres to, can, in turn, influence how 

communities value the benefits and usability of a technology.29

Previous studies have identified specific cultural traits, shaped 

by historical contexts, that significantly influence current eco

nomic development, utilizing indicators from the World Values 

Survey (WVS) and Hofstede’s cultural dimensions to measure 

values such as trust, respect for others, and confidence in self- 

determination.30,31 These survey questions have been used to 

represent a broad selection of cultural dimensions, allowing re

searchers to systematically compare the effects of culture on 

economic development. For example, beliefs regarding the 

connection between hard work or luck and success have impli

cations for social mobility and economic development.30,31

Some argue that success is achieved through hard work, while 

others believe it has more to do with luck or social connections. 

These views drive larger economic trends: communities that 

favor hard work have long stood as the cradle of industrialization 

and development. Research also links cultural traits such as a 

limited sense of control over one’s life to issues, such as poor 

entrepreneurship and low literacy rates.30

This study builds on such insights by proposing a conceptual 

pathway in which cultural factors influence psychological fac

tors, which in turn affect adoption behavior: cultural factors => 

psychological factors => technology adoption. The strong 

empirical association between culture and psychological 

determinants makes cultural traits effective instruments for 

addressing endogeneity in adoption models. The study intro

duces a novel application of instrumental variable methods 

to WASH-related behavioral research, where the issue of 

reverse causality is well-recognized but rarely addressed. By us

Figure 2. Feedback effect or reverse cau

sality applied to community-based water 

purification technology adoption behavior 

IVs based on cultural factors can break the reverse 

causality. Image adapted with permission from.19

ing cultural indicators as instruments, 

the study evaluates their validity both 

conceptually and empirically, while also 

offering new insights into how culture 

shapes psychological constructs and, 

through them, community technology 

adoption decisions. The study, therefore, 

investigates i) whether psychological fac

tors are endogenous when estimating their impact on the adop

tion of community-based water purification technology in rural 

India and ii) the validity of cultural elements as instrumental vari

ables for these endogenous factors, contributing to WASH- 

related behavioral research through surveys from Indian rural 

communities.

This study investigates the endogeneity of psychological de

terminants of the adoption of a specific community-based water 

purification technology deployed in Indian rural communities, 

‘‘Jivamritam,’’32 based on the ToC framework laid out by.11 To 

the best of our knowledge, no study has specifically addressed 

the endogeneity effects related to the adoption of community- 

based water purification technologies in developing countries 

while considering a broad range of psychological and contextual 

factors and how culture is mediated in its effect on the adoption 

of purification technologies. By addressing this gap, the study 

contributes to strengthening adoption research methods and of

fers practical insights into WASH interventions.

Jivamritam

Jivamritam is a community-based water purification program 

launched in Indian communities to address water sustainability 

challenges by empowering the communities. The program is in

tended to build the capacities in the communities to identify, 

measure, map, and monitor water sustainability issues in the 

communities. Over 10,000 communities in India, facing water 

quality challenges, were assessed through phased evaluations, 

leading to the selection of 1,000 communities for the initial im

plementation phase of the program. Since its inception in 2017, 

Jivamritam has been deployed in around 300 rural commu

nities32 (Figure 3 shows 54 rural communities where the study 

was conducted). The implementation used a multi-stakeholder 

approach involving the community, Amrita University, NGOs, 

and the local government. The adoption of Jivamritam followed 

a phased approach across communities, reflecting a strategy 

of gradual engagement. In some communities, the initial imple

mentation received strong acceptance and enthusiasm, 

demonstrating the program’s potential impact. In other regions, 

the focus has been on building community trust and providing 

additional support. This variability presents a chance to learn 

and adapt strategies for broader adoption and continuous 

improvement.
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RESULTS

Descriptive results

Descriptive statistics and correlations for all psychological 

and contextual variables are presented in the supplemental 

information (Tables S1 and S2). Table 1 captures the results 

of the unweighted logistic regression analysis of SEC, contex

tual, and psychological factors for Jivamritam adoption. 

Among the significant predictors, we focused on perceived 

vulnerability, severity, ease of access, cost-effectiveness, 

and descriptive norms. Although family assistance emerged 

as a significant contextual factor, it was excluded from further 

analysis as the focus was solely on psychological determi

nants. Additionally, we excluded trust in the implementing 

agency, which is a direct predictor, because our analysis 

prioritizes cultural factors, such as generalized and political 

Figure 3. A map highlighting 54 rural communities across India where Jivamritam has been implemented
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trust, that influence Jivamritam adoption indirectly through 

psychological factors. This distinction allows us to explore 

the deeper, culturally driven mechanisms behind adoption 

behavior, rather than direct institutional trust. The effects of 

psychological determinants on Jivamritam adoption were 

estimated using a two-stage regression model that accounts 

for endogeneity (Figure 4).

Predicting psychological determinants using cultural 

factors

Tables 2 and 3 show the results of linear regressions between 

cultural factors and key psychological determinants. When all 

nine cultural factors were used simultaneously to predict psy

chological determinants in multiple linear regressions (Table 2), 

the R2 values were low for perceived vulnerability and severity 

Table 1. Unweighted logistic regression of SEC, contextual, and psychological factors on Jivamritam adoption (N = 906)

Independent variables Estimate Std. Error z value

Perceived Vulnerability − 0.33 * 0.15 − 2.14

Perceived Severity 0.37 * 0.18 2.00

Perceived Safety 0.36 0.18 1.93

Perceived good taste − 0.32 0.18 − 1.77

Perceived ease of access 0.95 *** 0.22 4.22

Perceived time benefit − 0.24 0.18 − 1.26

Perceived cost effectiveness 0.62 *** 0.19 3.43

Perceived ability 0.27 0.19 1.39

Descriptive Norms 0.84 *** 0.17 4.82

Injunctive norms 0.09 0.23 0.39

Distance − 0.54 * 0.27 − 2.00

Family members assistance 2.57 ** 0.90 2.84

Trust in implementing agency 0.64 ** 0.22 2.87

Trust in water committee 0.08 0. 25 0.33

Psychological ownership 0.43 0.25 1.72

SEC 0.07 0.11 0.67

Gender − 0.41 0.27 − 1.51

Household size − 0.11 0.09 − 1.14

R2 = 0.66; *p < 0.05. **p < 0.01. ***p < 0.001.

Figure 4. Steps involved in the regression analysis

iScience 28, 113857, December 19, 2025 5 

iScience
Article

ll
OPEN ACCESS



but higher for perceived ease of access, cost-effectiveness, and 

descriptive norms. Additionally, individual one-to-one regres

sions between each cultural factor and psychological determi

nant (Table 3) showed weak correlations with perceived vulner

ability, severity, and norms, but stronger correlations with 

perceived ease of access and cost-effectiveness, yielding an 

average R2 of 0.22. These findings indicate two key points: (1) 

cultural factors are weak instruments for predicting perceived 

vulnerability and severity, and (2) multiple cultural factors are 

needed to accurately predict perceived ease of access, cost- 

effectiveness, and norms, increasing the R2 between observed 

and predicted psychological variables. As a result, perceived 

vulnerability and severity were treated as exogenous in subse

quent analyses. Notably, seven cultural factors significantly pre

dicted descriptive norms in multiple regressions (Table 2), and 

the highest average R2 values were found for perceived ease 

of access and cost-effectiveness (Table 3), suggesting that cul

tural factors are more closely related to descriptive norms and 

perceived benefits.

Two-stage regression results

To prevent multi-collinearity, various combinations of cultural fac

tors were analyzed that could predict perceived ease of access 

and descriptive norms using the three criteria mentioned in the pre

vious section. Two combinations were identified that satisfied all 

three assumptions: (i) generalized morality and individualism- 

collectivism to predict descriptive norms (R2 = 0.3), (ii) control 

and work-luck to predict perceived ease of access (R2 = 0.6). 

The predicted ease of access and norms also showed significant 

effects in the second-stage regression. (Table 4, column 4). Addi

tionally, the next assumption, a valid instrument was also met 

(Table 2, column 6). These IVs were not statistically significant at 

p < 0.001 when included in the logistic equation alongside other 

predictors, i.e., SEC, predicted ease of access, predicted norms, 

and remaining exogenous psychological variables. The impact of 

perceived ease of access and norms on the adoption of Jivamri

tam was significantly underestimated in the standard logistic 

regression analysis. Coefficients for perceived ease of access 

and norms were 0.95 and 0.84, respectively. In contrast, the 

Table 3. Unweighted multiple linear regression of each cultural factor on ToC factors

Independent variables Dependent variables

Cultural Factors

Perceived 

Vulnerability

Perceived 

Severity

Perceived ease 

of access

Perceived Cost 

effectiveness

Descriptive 

Norms

Generalized Trust 0.27 ***(0.09) 0.15 ***(0.05) 0.69 ***(0.46) 0.69 ***(0.44) 0.33 ***(0.10)

Family ties 0.48 ***(0.11) 0.28 ***(0.07) 0.34 ***(0.04) 0.31 ***(0.03) 0.41 ***(0.06)

Political Trust (in local government) 0.30 ***(0.11) 0.15 ***(0.05) 0.77 ***(0.53) 0.77 ***(0.50) − 0.32 ***(0.09)

Political Trust (in political parties) 0.27 ***(0.06) 0.16 ***(0.04) 0.67 ***(0.29) 0.65 ***(0.26) 0.52 ***(0.18)

Control 0.42 ***(0.03) − 0.02 (0.00) 0.62 ***(0.04) 0.74 ***(0.06) 0.31 **(0.01)

Work-Luck 0.41 ***(0.02) − 0.04 (0.00) 0.54 ***(0.03) 0.71 ***(0.05) − 0.16 (0.00)

Generalized Morality 0.96 ***(0.09) 0.14 (0.00) 0.83 ***(0.05) 1.11 ***(0.08) 0.74 ***(0.04)

Power Distance 0.25 ***(0.08) 0.14 ***(0.05) 0.72 ***(0.52) 0.73 ***(0.51) 0.34 ***(0.12)

Individualism-Collectivism 0.01 (0.00) 0.16 **(0.01) − 0.52 ***(0.04) − 0.68 ***(0.06) 0.19 *(0.01)

Average_R2 0.07 0.03 0.22 0.22 0.07

*p < 0.05. **p < 0.01. ***p < 0.001; the value inside parentheses is the individual R2.

Table 2. Unweighted multiple linear regression of all cultural factors on ToC factors

Independent variables Dependent variables

Cultural Factors

Perceived 

vulnerability

Perceived 

severity

Perceived 

ease 

of access

Perceived 

cost 

effectiveness

Descriptive 

Norms

Generalized Trust 0.01 0.06 0.32 *** 0.28 *** 0.08

Family ties 0.41 *** 0.19 *** − 0.02 − 0.06 0.22 ***

Political Trust (in local government) 0.17 ** 0.09 * 0.24 *** 0.22 *** − 0.22 ***

Political Trust (in political parties) 0.05 0.07 * 0.03 0.00 0.49 ***

Control 0.20 * − 0.01 − 0.04 − 0.02 0.25 *

Work-Luck 0.04 − 0.12 − 0.05 0.04 − 0.06

Generalized Morality 0.71 *** 0.05 0.06 0.32 *** 0.51 ***

Power Distance 0.02 0.00 0.40 *** 0.42 *** 0.22 ***

Individualism-Collectivism 0.31 *** 0.24 *** 0.08 − 0.05 0.52 ***

R2 0.25 0.14 0.67 0.65 0.29

*p < 0.05. **p < 0.01. ***p < 0.001.
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second-stage regression revealed much higher coefficients of 

2.39 for perceived ease of access (a 152% increase) and 1.39 for 

norms (a 66% increase). The robustness checks confirmed that 

the coefficients for perceived ease of access and norms remained 

stable across specifications, and the main findings were not 

driven by outliers or specific covariate choices (see Table S4 in 

supplemental information). Detailed wording, response scales, 

and sources for all psychological and cultural variables included 

in the analysis are presented in Tables 5 and 6.

DISCUSSION

Psychological factors play a critical role in the adoption of a 

community-based water purification technology, but these fac

tors are often endogenous, leading to biased estimations of 

their effect. In real-world scenarios, such bias could result in 

ineffective policy recommendations or misdirected interven

tions. For example, if the estimated effect of a psychological 

factor, such as perceived risk, is overstated, efforts may focus 

excessively on awareness campaigns while neglecting struc

tural barriers such as accessibility or cost. Conversely, under

estimating these effects could lead to missed opportunities 

for behavior-changing interventions. Specifically, in our study, 

we found that the endogeneity of perceived ease of access 

and descriptive norms led to underestimated effects by 175% 

and 76%, respectively. This highlights a significant issue with 

traditional estimation methods, which fail to account for endo

geneity. As a result, they provide biased conclusions regarding 

the drivers of adoption behavior.19

Our results show that all significant psychological predictors, 

excluding perceived vulnerability, were positively associated 

with the adoption of water purification technology. The endoge

neity of psychological factors, most notably perceived benefits 

and descriptive norms, highlights the importance of accounting 

for the bidirectional relationship between behavior and psycho

logical determinants. The feedback effect implies that these psy

chological factors and water-related behaviors are mutually rein

forcing, a dynamic that can result in what is termed a ‘‘reinforcing 

loop.’’ This concept is supported by prior studies,19 which high

light the interaction between behavior and psychological deter

minants in influencing health-related practices.

In the context of community-based water purification technol

ogies, this reinforcement suggests that as more individuals 

adopt the technology, the social norms and perceived benefits 

surrounding its use become increasingly positive, further 

encouraging adoption within the community. For instance, 

when community members see that water purification systems 

are being adopted more widely, the perceived norm becomes 

stronger that people should adopt the technology, and they 

are more likely to comply. In the same way, people who adopt 

the system and use it on a regular basis are expected to 

exhibit a positive attitude toward its perceived benefits, thus 

driving their peers to adopt it as well. For example, in the commu

nity of Nagapady - Chottanikkara Ward 8, where around 40 

households use it regularly, the system’s success motivated 

neighboring Ward 9 to request a Jivamritam system in their 

area as well. Given the endogenous nature of these psycholog

ical factors, interventions designed to increase adoption must 

account for this mutual reinforcement to be effective. If such in

teractions are not taken into consideration, it means that key fac

tors, such as perceived ease of access and descriptive norms, 

may be underestimated in their impact, limiting the effectiveness 

of such interventions. Future research could use system dy

namic models that capture bi-directional feedback between psy

chological factors and behavior to further explore this dynamic. 

Such a model would enable us to track the changes in commu

nity attitudes and norms over time and provide estimates of 

reverse causality strength.

Table 4. Results from various logistic regression analyses for technology adoption: standard regression (without IVs), second-stage 

regression (considering predicted values of endogenous ToC factors), and for testing the exogeneity assumption for the instrument 

variables

Variable Category Variable Name

Coefficient (β) in Jivamritam adoption for various logistic regressions

Standard 

regression 

(without IVs)

Second-stage 

regression 

(without residuals)

Second-stage 

regression 

(with residuals)

Testing exogeneity 

assumption

Exogeneous ToC factors Perceived vulnerability − 0.33 * − 0.50 *** − 0.37 * − 0.49 ***

Perceived severity 0.37 * 0.60 *** 0.39 * 0.61 ***

Perceived ease of access 0.95 *** Endogenous Endogenous Endogenous

Perceived Cost-Effectiveness 0.62 *** 0.91 *** 0.63 ** 0.91 ***

Descriptive Norms 0.84 *** Endogenous Endogenous Endogenous

Predicted Endogenous 

ToC factors

P̂erceived ease of access – 2.39 *** 3.72 *** 1.87 *

^Descriptive Norms – 1.39 ** 1.68 ** 1.76 **

Instrument variables Individualism-Collectivism – – – − 0.54

Work-Luck – – – 0.16

Generalized Morality – – – n.a

Control – – – n.a

Pseudo R2 0.66 0.63 0.68 0.64

*p < 0.05. **p < 0.01. ***p < 0.001; n.a. variable is excluded from the analysis to avoid redundancy. P̂erceived ease of access is predicted by Work- 

Luck and Control; D̂escriptive Norms is predicted by generalized morality and individualism-collectivism.
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The findings of this study suggest that cultural factors can 

serve as potential instrumental variables for psychological deter

minants, such as perceived benefits, i.e., ease of access and 

descriptive norms, in the adoption of water purification technol

ogies. Specific cultural traits, by shaping underlying psycholog

ical perceptions, can indirectly contribute to adoption behavior. 

The correct identification of these factors as IVs allows for a 

clearer understanding of the pathways through which psycho

logical factors affect behavior, reducing biases such as endoge

neity that can skew results. The cultural trait, work-luck, sug

gests that individuals who value hard work actively pursue 

solutions to overcome barriers to accessing technology, while 

Table 5. Theory of Change (ToC) psychological factors

Determinant Group Psychological Factor Question Wording Source

Perceived Risk Perceived Vulnerability How high is the risk that you will fall sick if 

you drink untreated water from other 

sources? (1 = no risk at all to 5 = very high 

risk)

Mosler12

Perceived Severity Last time you had diarrhea/water borne 

disease, how severe was the impact on your 

daily life? (1 = not severe at all to 5 = very 

severe)

Mosler12

Perceived Safety How safe is the water provided by 

Jivamritam? (1 = very safe to 5 = not safe 

at all)

Nancarrow33

Perceived Benefits Perceived Taste How much do you like the taste of water 

from Jivamritam? (1 = do not like at all to 

5 = like very much)

Lilje and Mosler34

Perceived Accessibility How effortful is it to access Jivamritam from 

your house? (1 = very difficult to 5 = very 

easy)

Lilje and Mosler34

Perceived Time Savings How much time do you spend using 

Jivamritam? (1 = quite a lot of time to 

5 = hardly any time)

Lilje and Mosler34

Perceived Cost Efficiency How cost effective is Jivamritam compared 

to other sources? (1 = not cost effective at 

all to 5 = very cost effective)

Lilje and Mosler34

Trust Trust in the Implementing Agency Do you trust the implementing agency, 

Amrita? (1 = no trust at all to 5 = very high 

trust)

Ross35

Trust in Water Committee How much trust do you have in the water 

committee with respect to governing and 

maintaining Jivamritam? (1 = no trust at all 

to 5 = very high trust)

Ross35

Social Norms Descriptive Norms What percentage of people in your 

community use Jivamritam? (1 = 0-20% to 

5 = 80–100%)

Mosler12

Injunctive Norms People who are important to you, how much 

do they approve of using Jivamritam? 

(1 = very much oppose to 5 = very much 

approve)

Mosler12

Psychological Ownership Individual Perspective How much do you feel that you are one of 

the owners of Jivamritam? (1 = not at all to 

5 = very much)

Contzen and Marks17

Household Perspective How much do you feel that your household 

is one of the owners of Jivamritam? (1 = not 

at all to 5 = very much)

Contzen and Marks17

Community Perspective How much do you feel that your community 

is one of the owners of Jivamritam? (1 = not 

at all to 5 = very much)

Contzen and Marks17

Perceived Ability Self-Efficacy How certain are you that you will always be 

able to use water from Jivamritam? (1 = not 

certain at all to 5 = very certain)

Mosler12
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those who emphasize luck may passively wait for external cir

cumstances to improve access. Beliefs about hard work versus 

luck influence social mobility and economic development.30

Some view hard work as the path to success, while others attri

bute success to luck and connections. These views shape eco

nomic growth, with an emphasis on hard work historically driving 

industrialization and societal transformation. Research also 

shows that poor entrepreneurship and low literacy rates are 

linked to cultural traits such as a diminished sense of control 

over one’s life.30 Similarly, community members who feel in con

trol of their own lives are likely to perceive fewer obstacles to us

ing water purification systems. This empowerment fosters a pos

itive association with the technology, making adoption more 

likely. Past studies have shown that control of one’s life has a 

central role to play in a farmer’s decision to adopt a particular 

technology40 and that interventions and policies that seek to 

strengthen self-control are predicted to increase the welfare of 

people.41 Empowered individuals may also contribute to the 

spread of positive norms surrounding the use of the system, 

which can further encourage community-wide adoption.

Generalized morality, another key cultural factor, directly im

pacts descriptive norms. Individuals who practice generalized 

morality prioritize the common good over self-interest.30 Com

munities that emphasize tolerance and respect tend to promote 

behaviors that foster social cohesion. This behavior influences 

not only individual economic actions but also participation in 

group activities and public administration. Active engagement 

in local communities is crucial for organizing public goods and 

holding public officials accountable. In contrast, a lack of respect 

for the community and public affairs can lead to inadequate pub

lic good provision and encourage corruption, hindering eco

nomic development.30 When communities operate in this way, 

the adoption of technologies such as water purification systems 

becomes normalized. Individuals in these communities are more 

likely to adopt the system because they perceive that ‘‘everyone 

is using it.’’

The individualism-collectivism dimension of culture also acts 

as an important determinant of descriptive norms.42 In collec

tivist societies such as rural Indian communities,43 where 

adhering to shared community values takes precedence over 

personal goals, descriptive norms exert greater influence on 

behavioral change. Individuals within collectivistic cultures are 

more influenced by group norms, shared responsibilities, and 

community obligations, which guide their behavior and deci

sion-making. In the case of water purification technologies, 

once these systems are seen as accepted within the community, 

individuals are more compelled to adopt them to maintain social 

cohesion and fulfill their obligations to the group. The pressure to 

conform in collectivist cultures, hence, results in higher rates of 

adoption as the use of the system becomes not only an individual 

decision but one that has to do with one’s commitment to a 

greater society. This aligns with findings from past studies, which 

observe that collectivism impacts attitude toward water purifica

tion technology via agreeableness.44 In contrast, individualistic 

cultures might identify options that are convenient to the individ

ual or self-interest as influencing adoption more than the collec

tive there is.

This study not only highlights the indirect influence of cultural 

factors on human behavior but also establishes a robust theo

retical framework for understanding how cultural traits impact 

technology adoption in rural communities. Interventions that 

take cultural factors into account can be more effective 

because they align with the community’s values and beliefs, 

thereby increasing the likelihood of sustainable adoption. For 

a collectivistic community, for instance, interventions should 

focus on group-based campaigns, shared responsibility, and 

Table 6. Cultural factors

Cultural Factors Question wording Framework Source

Generalized Trust Do you trust your neighbors and 

community?

WVS Tabellini30

Political Trust How much trust you have in: Local 

Government - Panchayat, in general

WVS Fitzgerald and Wolak36

Political Trust How much trust you have in: Political parties 

in general

WVS Saarinen37

Generalised Morality Are tolerance and respect for other people, 

qualities that children should be 

encouraged to learn at home

WVS Alesina31

Work-Luck In the long run, hard work usually brings a 

better life

WVS Tabellini30

Control Some people feel they have completely free 

choice and control over their lives

WVS Tabellini30

Individualism-Collectivism Which do you believe in more: conforming 

to community values or being personally 

responsible for your own success and 

achievements

Hofstede’s Cultural Alesina31

Power Distance How comfortable are you with deferring to 

greater authority, hierarchical or social

Hofstede’s Cultural Yang38

Family Ties One of my main goals in life has been to 

make my parents proud

WVS Li39
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collective benefits to foster community-wide adoption. For an 

individualistic community, highlight personal benefits and use 

tailored communication to appeal to individual decision-mak

ing. For a community practicing generalized morality, frame 

the intervention as a contribution to the common good, empha

sizing how adoption benefits everyone by improving public 

health and community well-being. Provide skill-building work

shops or training to reinforce the community’s belief in hard 

work as a path to progress. While direct interventions on cul

tural factors may not be feasible, initiatives can succeed by 

leveraging cultural values and raising community awareness.

The study utilized data from 54 rural Indian communities to 

explore the endogeneity in the adoption of a community-based 

water purification technology through an instrumental variable 

approach. By employing cultural factors as instrumental vari

ables, we effectively tackled the endogeneity present in the psy

chological determinants of perceived benefits and norms related 

to water technology adoption behavior. Our results demon

strated that cultural factors have a direct influence on perceived 

benefits and descriptive norms, highlighting the interconnected

ness of cultural context and technology adoption.

The identification of endogeneity within the community- 

based water behavioral system reinforces the need to treat 

psychological factors as endogenous variables in analyses 

related to WASH. This recognition underscores the importance 

of employing nuanced analytical approaches that account for 

the dynamic interplay between psychological and cultural influ

ences, ultimately leading to more accurate estimations of their 

effects. In addition, the findings of this study emphasize the 

critical need for interventions that are culturally informed and 

aligned with community values. By integrating cultural consid

erations into the design of adoption strategies, stakeholders 

can enhance the effectiveness and sustainability of technology 

adoption in rural communities. This study thus contributes valu

able insights into future research and practical applications, 

advocating for a more holistic understanding of the factors 

that drive adoption behavior in community-based WASH- 

related initiatives.

Limitations of the study

The cross-sectional nature of our study restricts our ability to 

determine causality. While the study discusses a few cultural 

factors, it may not delve deeply into how specific cultural traits 

interact with psychological determinants or influence the 

adoption process in various contexts. Future studies should 

also consider factors inspired by the cultural heritage, tradi

tions, and beliefs of the communities involved. The study pri

marily emphasizes psychological and cultural factors, poten

tially overlooking other important contextual factors (e.g., 

institutional, technological, or infrastructural) that could also 

impact technology adoption. Additionally, most constructs 

were assessed using single-item measures, which, while 

practical in large-scale field settings, may limit measurement 

reliability and construct depth. While a modified random-route 

sampling technique was used, potential sampling biases may 

persist due to voluntary participation and regional clustering. 

Also, we could not apply community-level clustering or survey 

weights due to the absence of structured community-level 

data and the use of a purposive, non-probabilistic sampling 

design.
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EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Participants and data collection procedure

Building on the Theory of Change (ToC) framework by11 and drawing from qualitative insights gathered during field visits to rural com

munities where Jivamritam has been implemented, we identified the most relevant psychological determinants and contextual factors 

through a quantitative analysis of data collected from 54 communities. Logistic regression was primarily used to analyse the associa

tions between determinants, contextual factors and technology adoption patterns. We carried out a cross-sectional study to examine 

the psychological and contextual factors explaining the adoption of Jivamritam in rural communities across six Indian states: Kerala, 

Karnataka, Andhra Pradesh, Odisha, Uttar Pradesh and Himachal Pradesh, where the technology had already been implemented. 

Out of 300 communities where Jivamritam was installed, 75, heavily impacted by water contamination were initially selected. Of these, 

64 expressed interests in participating, and a final selection of 54 communities, representing a diverse range of cultural, geographical 

and environmental characteristics (for a snapshot, see S-5), as identified by,45 were chosen for data collection.

Data collection took place over six weeks during July and August 2023, using structured in-person interviews with household mem

bers in participating communities. A modified random route sampling technique46 was applied to ensure unbiased household selec

tion. Each community was split into five zones based on identifiable landmarks, and interviewers were randomly allocated to these 

zones. In each zone, a house was selected at random as the starting point, and from there, interviewers approached every second 

household along a predetermined path to conduct interviews. The response rate was notably high, with only 89 households (8%) 

opting out of participation. The interviews were conducted with the individuals responsible for water collection within the household. 

Participation was entirely voluntary, and informed consent was obtained either in writing or verbally, given the high illiteracy rates in 

some areas. Verbal consent was documented by the interviewer through a signed statement. The study adhered to ethical guidelines, 

with the protocol being reviewed and approved by the University’s ethical review board. Additionally, written permission to conduct 

the survey was granted by the president of the local governing body in each community. Each interview lasted approximately 45 mi

nutes and was conducted in one of five local languages: Malayalam, Hindi, Kannada, Telugu, or Odia, depending on the respondent’s 

native language. A team of four interviewers, consisting of the first author, university staff, a Jivamritam implementation team member 

and the local village coordinator, carried out the interviews. All interviewers underwent specialized training in interview techniques 

and were closely monitored by the first author and a local field research facilitator throughout the data collection process. The ques

tionnaire was administered using the Empower mobile application,47 which streamlined the interview process.

A total of 906 individuals participated in this study, which encompassed 54 different rural Indian communities. Among the respon

dents, 70% were female, with ages ranging from 19 to 77 years (M = 48.66, SD = 8.32). With respect to education levels, 4% had no 

formal schooling, 28% completed primary education, 64% attained secondary education, and 4% held a university degree or another 

advanced qualification. Furthermore, 91% of the households involved were classified as living below the poverty line.

METHOD DETAILS

Questionnaire and measures

The study utilized a structured survey for conducting interviews, which focused on demographic information, sources of drinking wa

ter and psychological factors explaining the adoption of Jivamritam. Questions were formulated in English and collaboratively 

REAGENT or RESOURCE SOURCE IDENTIFIER

Deposited data

Survey data This study Mendeley data: https://doi.org/10.17632/ 

6fxjvd3844.1

Software and algorithms

R Project for statistical computing http://www.r-project.org/ RRID:SCR_001905

R package: dplyr https://cran.r-project.org/package=dplyr RRID:SCR_016708

R package: readr https://cran.r-project.org/package=readr RRID:SCR_018546

R package: stats http://www.r-project.org/ RRID:SCR_001905

R package: pscl https://cran.r-project.org/package=pscl RRID:SCR_018666

Empower Survey Platform https://play.google.com/store/apps/ 

details?id=edu.amrita.empower&hl=en- 

US&pli=1/#/

N/A
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reviewed in a brainstorming session with members from the Jivamritam implementation team and technology specialists. The result

ing questionnaire was then translated into five local languages used in the participating communities, followed by back-translation 

into English to verify the accuracy of the translations. A pretest was conducted with 15 participants from communities where Jivam

ritam had been installed, leading to further revisions aimed at enhancing the clarity of certain questions. Following sections elaborate 

the specific measures utilized in this research.

Psychological (ToC) factors and contextual factors

The psychological factors determining the adoption of Jivamritam were evaluated using the RANAS approach.12,48 The RANAS 

model, designed for the water, sanitation, and hygiene sector in developing countries, incorporates psychological factors from major 

behaviour change theories into five comprehensive factor groups: Risk, Attitudes, Norms, Abilities, and Self-Regulation. However, 

three specific aspects: perceived risks associated with using or not using the technology, trust and psychological ownership 

were included additionally. Detailed information about the wording and response scales for measuring these psychological determi

nants, along with their sources can be found in Table 5. Each ToC factor was represented by a single item, except for psychological 

ownership, which consisted of three items. Given the high internal consistency of these three items (Cronbach’s alpha = 0.95), their 

responses were combined to create a composite score. All items utilized a 5-point Likert scale for responses.

The psychological factors are listed as follows. The adoption of water purification technologies is driven by individuals’ awareness 

of health risks from consuming untreated water, particularly when they have greater knowledge of water-borne diseases and 

perceive a higher vulnerability and severity of contracting such diseases.15,49–51 Perceived costs and benefits of using the water pu

rification technology, including cost-effectiveness, ease of access and time-saving advantages are key psychological determinants 

contributing to its adoption, with greater perceived benefits linked to increased adoption.16–18,34 Trust in the implementing agency 

and the local water committee, responsible for maintaining and overseeing the water purification technology can reduce perceived 

risks and promote adoption.11

Perceived descriptive norms suggest that community members may be more inclined to adopt and sustain the use of water pu

rification technology if they believe that a significant number of other community members are also using it.17,18,32,52,53 Perceived 

injunctive norms imply that individuals are more inclined to adopt the technology when they perceive that others expect them to 

follow suit, reinforcing the perceived social obligation to use the technology.34 Psychological ownership of the water purification 

technology refers to members of the community taking personal responsibility for its upkeep and functioning, treating the system 

as if it were their own. This sense of ownership is likely to foster greater commitment to the adoption and sustained use of the tech

nology.10,17 Perceived ability, encompassing familiarity with the technology, access to necessary resources, confidence in consis

tent usage despite challenges and the ability to handle technical problems, is likely to contribute to higher rates of adoption and 

continued use of the technology.17,54–57

Contextual factors, also explain the adoption of community-based water purification technology. For instance, the distance of a 

household from the technology may impact the perceived effort required for its use, as closer proximity reduces the physical and 

time demands of water collection, making the system more accessible and convenient, leading to increased adoption.16 Additionally, 

when more family members are involved in fetching water, the perceived effort decreases, further promoting the water purification 

technology’s adoption.16

Socio-economic characteristics (SEC) of community members were incorporated as control variables. Two SEC variables, spe

cifically wealth58,59 and education level60–62 were selected based on their established associations with household water treatment 

(HWT) adoption, from past research.19 Wealth was assessed by the classification of households based on the ration card system 

issued by the government, distinguishing between those below and above the poverty line.63 The education level was evaluated 

by identifying the highest completed level of education among respondents, with response categories including ‘‘None,’’ ‘‘Primary,’’ 

‘‘Secondary,’’ and ‘‘Graduate or Above.’’ In addition, gender of the respondent and household size (number of family members living 

in the household) were included as demographic control variables, as both factors shape water decisions. Women and girls are pri

marily responsible for water collection in many low- and middle-income settings,64 and larger households may face higher water de

mand and logistical complexity that can hinder consistent use of treated water.65

To evaluate the distance between households and Jivamritam, respondents were asked to indicate how far their homes were from 

the facility, choosing from the following categories: 1 = 0-50 meters; 2 = 50-100 meters; 3 = 100-150 meters; 4 = 150-200 meters and 

5 = over 200 meters. Responses were then recoded into 2 groups: 1 for households located greater than 100 m away, and 0 for 

households located less than 100 m away. Additionally, we inquired, ‘‘How many family members help you fetch water?’’ with options 

scaled from ‘‘0’’ to ‘‘4.’’ This question was intended to assess how many of the family members help in taking water from Jivamritam. 

Responses were recoded to give a score of 0 if no family members participated and a score of 1 if at least one family member 

participated.

Instrument variable (IV): Cultural factors

Criteria for IV stipulate that the instrumental variable must have a strong association with psychological factors while exerting only an 

indirect influence on behaviour.19 This means that the relationship between the IV and behavior is mediated through the psycholog

ical constructs. Identifying an appropriate IV that satisfies these conditions presents a considerable challenge.66
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In this study, we propose cultural factors as valid instruments. Culture refers to the traditional beliefs and values that ethnic, 

religious, and social groups transmit across generations,67 functioning as decision-making heuristics for navigating complex envi

ronments through values, beliefs and norms68 and representing the ‘‘accumulative programming of the human mind’’ that differen

tiates groups.69 Defined more broadly, culture is a shared system of values, norms, and beliefs that guide individual and collective 

behaviour, is relatively stable over time and not easily influenced by short-term behavioural shifts.30 This temporal stability makes 

cultural factors less susceptible to reverse causality and strengthens their validity as exogenous variables. Also, culture influences 

behaviour indirectly through its effect on psychological variables. Cultural values such as interpersonal trust or respect for authority 

shape cognitive and emotional responses, such as attitudes, perceived norms, risk perception and self-efficacy, that in turn influence 

technology-related decisions.70 This aligns with the second IV requirement: that cultural variables affect adoption behaviour only 

through psychological constructs, satisfying the exclusion restriction.

Culture, in our study, is assessed through indicators of personal values and beliefs, such as trust and respect for others, as well as 

confidence in self-determination, providing a foundation for understanding cultural influences on behavior.30 Hofstede’s Cultural Di

mensions and the World Values Survey are frameworks used to measure and analyse these abstract cultural factors. Although our 

study is confined to India, the country’s immense cultural diversity across languages, religions, and community norms makes such 

cross-cultural indicators meaningful and relevant at a subnational level.71

Hofstede’s model quantifies cultural differences based on six dimensions: i) Power Distance Index (PDI); ii) Individualism vs. 

Collectivism (IDV); iii) Uncertainty Avoidance Index (UAI); iv) Masculinity vs. Femininity (MAS); v) Long-Term vs. Short-Term Orienta

tion (LTO); and vi) Indulgence vs. Restraint (IND).72 This framework helps understand how cultural programming shapes behaviors 

and highlights the unique values and norms that define different groups. Power Distance is the degree to which a society accepts 

unequal power distribution. Uncertainty Avoidance measures the society’s tolerance for uncertainty. Masculinity is the expression 

of traditional male values around performance and control. Long-Term Orientation, which stresses values associated with thrift 

and perseverance versus those of tradition and fulfilling social obligations. Indulgence versus Restraint (IND) differentiates societies 

based on the extent to which they permit the relatively free gratification of basic human desires associated with enjoying life or sup

presses gratification through strict social norms; it is linked to consumer habits as well as social interactions. While there have been 

critiques of Hofstede’s framework, it still remains one of the most frequently cited frameworks in a variety of disciplines such as in

ternational business, management and applied psychology.31

World Values Survey (WVS) provides a systematic study of people’s values and norms that enables cross-cultural and longitudinal 

comparisons.73 The survey identifies two key dimensions of cross-cultural variation: i) Traditional versus Secular-rational values ii) 

Survival versus Self-expression values. Religion, family ties and authority are highlighted in the traditional category; in contrast, 

secular-rational values reject these norms and accept issues such as divorce and abortion. Survival values emphasize 

financial and physical security and have a more ethnocentric outlook, while self-expression values prioritize environmental protec

tion, tolerance, gender equality and participatory decision-making in social issues. The survey focuses on specific indicators, 

including measures of trust, respect for others and the perceived connection between individual effort and development. Together, 

these frameworks operationalize culture into specific, measurable indices, enabling a comprehensive study of its impact on individual 

and societal behaviors.

Table 6 shows the selected questions from Hofstede’s Cultural Dimensions and the World Values Survey frameworks to measure 

and analyze these abstract cultural factors. The cultural trait most commonly studied is generalized trust, that is, the trust that indi

viduals place on one another. Trust impacts various aspects of development, including economic growth,74 individual performance75

and financial market engagement.67 The WVS also captures political trust, defined as trust in government bodies and political parties, 

which varies widely across the globe according to their data.76 Political trust represents how much trust individuals have in these 

institutions, reflecting regional and national differences in political engagement. Previous studies suggest that greater trust in water 

management authorities is associated with reduced perceptions of risk related to using water purification technologies, more favour

able views of water quality, and increased recognition of the benefits of the infrastructure.11,77

Generalized morality, as described by,30 refers to the concept of extending cooperative behavior and moral obligations to all mem

bers of society, rather than limiting them to close family or kin. It contrasts with ‘‘limited morality,’’ where cooperation and ethical 

behavior are primarily directed only towards immediate family members.30 highlights that societies embracing generalized morality 

tend to experience better social trust, stronger institutions, and more robust economic development, as cooperation extends beyond 

familial ties and benefits the broader community. Consequently, one could infer that generalized morality, by fostering cooperation 

and trust within society beyond familial or close-knit groups, can indirectly promote the adoption of community-based water 

purification technologies. In societies where generalized morality prevails, individuals are more likely to trust and engage with 

community-based initiatives, including water management systems.

Another cultural factor frequently cited as a key contributor to economic development is the belief that individual effort will yield 

rewards, reflected in the ‘‘Work vs. Luck’’ question of WVS. Those who believe that hard work and personal effort lead to success, 

feel a greater inclination to initiate things than those who believe success is determined by luck and take passive approach.31 In rela

tion to the adoption of community-based water purification technologies, this mindset indicates that people who perceive the capac

ity to control results by their own efforts feel more confident about committing their involvement in adopting this kind of technology.

The cultural variable ‘‘Control’’ measures the perception of personal freedom and influence over one’s life, based on responses to a 

survey question if the individuals feel they have control over their lives. People who believe they have a significant amount of control 
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over their lives are generally more proactive. They will most probably go for opportunities, take actions and pursue their objectives 

believing that the way they act can determine the outcomes to a large extent.78 Here a strong feeling of control prompts positive 

engagement in the adoption cycle itself: willingness to assist with implementation, and/or engage in maintenance or stewardship 

of these technologies.

In collectivistic societies, people prioritize group interests and are more likely to internalize shared goals, making collective action 

easier.38 Social behaviors in collectivist societies are primarily shaped by social norms, with individuals feeling bound by mutual ob

ligations within their group.79,80 In such cultures, prioritizing group goals over personal interests is the norm. Collectivists are willing to 

make personal sacrifices to maintain close, harmonious relationships and contribute to group success.38 In contrast, individualistic 

societies emphasize personal achievements, individual rights and self-reliance, expecting people to prioritize themselves while 

choosing their affiliations independently. In collectivist societies, strong social norms emphasize group harmony and the collective 

well-being, making individuals more likely to adopt community-based water purification systems as a way to benefit the entire 

community.

Power distance (PD) refers to the degree to which members of a society or organization accept and anticipate an unequal 

distribution of power.81 In high PD societies, hierarchical structures and centralized decision-making are the norm, with power 

concentrated at the top and lower-ranking individuals less likely to challenge authority.69 This is quite the opposite of low PD societies 

that are likely to be more equal society and therefore ensure equal share of power. In high power distance societies such as Indian 

communities,43 the hierarchical structure may help enable key decision-makers, such as community leaders or government officials, 

to influence and expedite the adoption of community-based water purification systems. The acceptance of authority by individuals 

encourages compliance and participation, making it easier to implement new technologies at the community level.

Another crucial cultural value is the significance of family ties in society.82 indicates that individuals motivated by the desire to make 

their parents proud are more likely to align their decisions with the expectations of their families and communities. The correlation 

between this motivation and power distance or the acceptance of hierarchical relationships, further emphasizes how cultural values 

affect social dynamics. In societies where hierarchical relationships and family obligations are prioritized, this alignment fosters col

lective decision-making and increases participation in initiatives like community-based water purification systems, as individuals are 

likely to follow decisions endorsed by family or community leaders. All cultural instruments were respondent-reported via adapted 

WVS/Hofstede items.

QUANTIFICATION AND STATISTICAL ANALYSIS

The study employed a two-stage regression analysis to estimate the effect of psychological determinants on the adoption of Jivam

ritam, while addressing potential endogeneity, as outlined in Figure 4. Endogeneity may arise when psychological determinants such 

as perceived norms and ease of access are themselves influenced by prior exposure to the technology, leading to reverse causality 

and biased estimates. To isolate their causal effect, we instrumented these variables using cultural indicators that are theoretically 

exogenous and empirically validated. R version 4.2.3 was used for all analyses (R Core Team 2023). The R code used for model spec

ification; imputation and IV diagnostics is provided in the supplemental information (Table S3).

Step 1: Unweighted Logistic Regression.

The response variable, Jivamritam adoption, was measured by asking, ‘‘Do you regularly use water from Jivamritam in your com

munity?’’ with a binary response: 1 = Yes, 0 = No. An unweighted logistic regression model was first used to assess the influence of 

socio-economic (SEC), contextual, demographic and psychological variables on adoption.19,83 To quantify overall socio-economic 

status, Principal Component Analysis (PCA) was applied to respondents’ wealth and education indicators.84 As both variables were 

standardized and contributed equally to the first principal component, they had loadings of approximately 0.707 each.

To assess whether psychological variables were endogenous, we followed Wooldridge’s (2010)85 Wald test procedure. In the first 

stage, each psychological factor was regressed on its corresponding IVs, and residuals were saved. These residuals were then 

included as regressors in the second-stage logistic regression. A statistically significant residual coefficient indicated endogeneity. 

Only those psychological variables identified as endogenous through this procedure were instrumented using IVs in the second 

stage.

Step 2: First-Stage Regression.

To address this endogeneity, we implemented a two-stage regression approach using cultural factors as instrumental variables 

(IVs). The two-stage regression method is a well-established technique in econometrics for addressing endogeneity issues86 and 

allows researchers to obtain unbiased estimates of how psychological factors explain adoption behavior.87 Yet it remains underu

tilized in psychological research and studies focusing on water systems and socio-hydrology.88,89

In the first stage, psychological factors suspected to be endogenous were predicted using theoretically grounded and empirically 

validated cultural instrumental variables (IVs), thereby reducing the correlation between the error term and the endogenous predic

tors. These IVs, such as Generalized Morality, Individualism-Collectivism, Work-Luck beliefs and Control orientation were chosen 

based on conceptual alignment with specific psychological factors. For instance, Generalized Morality and Individualism- 

Collectivism were hypothesized to influence perceived social norms, while Work-Luck and Control beliefs were linked to perceived 

access. Each IV–psychological factor pairing was conceptually grounded, and IVs were uniquely assigned to avoid multicollinearity 
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and overfitting. For instance, if Generalized Morality was used to predict perceived benefits, it was not reused for other constructs 

such as norms. To ensure validity, IVs were required to meet two key criteria:

1. Relevance: IVs must have a strong association with the psychological determinants. This was tested using Ordinary Least 

Squares (OLS) regressions. IVs were retained only if they showed R2 values > 0.25 and F-statistics > 10, consistent with thresh

olds used to avoid weak instruments.90

2. Exogeneity: IVs must be exogenous, meaning they should not have a direct correlation with the adoption outcome after 

controlling for the endogenous psychological variables and other regressors in the model.30 This involved regressing adoption 

outcomes on SEC, predicted psychological variables, other exogenous psychological factors and the original IVs. The IVs were 

considered valid if their coefficients were statistically non-significant in this model. This ensures that the IV influences Jivam

ritam adoption only through its effect on the endogenous explanatory variables.

The predicted values and residuals from these first-stage models were stored for the final stage of analysis. This process ensured 

that the resulting predicted psychological variables are purged of endogeneity, allowing unbiased estimation of their effects on Ji

vamritam adoption in the second-stage regression. In selecting IVs, we tested multiple combinations of cultural factors and retained 

only those that satisfied the following three conditions: (i) an R2 value greater than 0.25, indicating strong predictive capability, (ii) the 

predicted endogenous psychological variable significantly predicted adoption in the second-stage logistic model, and (iii) the IV itself 

showed no significant direct effect on adoption.

This modelling approach assumes that psychological variables serve as the primary pathway through which cultural traits influence 

adoption behaviour. Any remaining correlation between IVs and Jivamritam adoption, despite the presence of endogenous variables, 

may arise from the psychological variables employed in the analysis not being exhaustive, suggesting the potential for additional un

observed endogenous variables. While residuals from first-stage regressions capture unexplained portions of the psychological vari

ables, they address endogeneity only in the included predictors (the correlation between the endogenous variables and the error 

term). While this limitation suggests potential omitted pathways, the IV approach still offers a more robust alternative to direct 

estimation.

Step 3: Second stage Logistic regression.

We then performed a logistic regression using the predicted values of the endogenous psychological variables, along with remain

ing exogenous predictors. By using instrumented psychological factors free from reverse causality, this model provides more reliable 

estimates of their effect on Jivamritam adoption. Results were compared with those from the initial un-instrumented model to assess 

the impact of addressing endogeneity. We conducted robustness checks to assess potential overfitting and sensitivity to influential 

observations. These included re-estimating the models after excluding high-influence cases and under alternative model specifica

tions. In addition, we note that our two-stage procedure aligns with the variance-preserving two-stage residual inclusion (2SRI) 

framework, which is a consistent estimator of second-stage effects in nonlinear models.91
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