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Abstract: Understanding and integrating the user’s decision-making process into product design
and distribution strategies is likely to lead to higher adoption rates and ultimately increased
impacts, particularly for those products that require a change in habit or behavior such as clean
energy technologies. This study applies the Theory of Planned Behavior (TPB) in design for global
development, where understanding the tendency to adopt beneficial technologies based on
parsimonious approaches is critical to programmatic impact. To investigate robustness and
applicability of behavioral models in a data scarce setting, this study applies TPB to the adoption of
biomass cookstoves in a sample size of two remote communities in Honduras and Uganda before
and after a trial period. Using multiple ordinal logistic regressions, the intention to adopt the
technology was modeled. Results quantify the influence of these factors on households’ intentions
to cook their main meals with improved cookstoves. For example, the intention of participants with
slightly stronger beliefs regarding the importance of reducing smoke emissions was 3.3 times higher
than average to cook more main meals with clean cookstoves. The quantitative method of this study
enables technology designers to design and develop clean technologies that better suit user
behavior, needs, and priorities. In addition, the data driven approach of this study provides insights
for policy makers to design policies such as subsidies, information campaigns, and supply chains
that reflect behavioral attributes for culturally tailored clean technology adoption initiatives.
Furthermore, this work discusses potential sources of bias and statistical challenges in data-scarce
regions, and outlines methods to address them.

Keywords: biomass cookstoves; quantitative social analysis; theory of planned behavior; technology
adoption; global development

1. Introduction

Examining and quantifying drivers of users’ intentions for adopting clean technologies can
provide insight and inform models for design, marketing strategies, and policies to maximize product
effectiveness and uptake. For energy-efficiency and other products aimed at generating positive
environmental and health impacts, increased and sustained adoption of the product in lieu of
traditional alternatives is the key objective [1]. Understanding user intentions for adoption is
especially important in design for development, where cultural barriers and unfamiliarity with usage
contexts in diverse communities renders design of appropriate technologies a challenging task. Many
technologies have been developed and disseminated to address basic human needs and reduce

Energies 2020, 13, 3021; doi:10.3390/en13113021 www.mdpi.com/journal/energies



Energies 2020, 13, 3021 2 of 29

extreme poverty, however, despite such efforts, there is significant room to improve rates of
sustained use. Designing policies to promote population scale adoption of clean technologies could
benefit from systematic integration of dominant user perspectives, priorities and behavioral
attributes for increased efficacy of clean technology adoption for improved public health and
environment. For this purpose, comprehensive approaches are required to include energy services
that bind user needs, culture, and social norms along with supply side challenges such as efficiency
[2] and policies that create an enabling environment.

Improved cookstoves (ICS) are a key example of a technology that must be adopted and
effectively displace traditional counterparts at scale in order to reach environmental, health, and
social goals because a technology that does not generate adoption and sustained use does not
generate impacts [3,4]. Even today, traditional cooking practices relying on solid fuels and open fires
have significant negative consequences on the health and livelihoods for people in low- and middle-
income countries (LMICs), where solid fuels are the main source of energy for 2.7 billion people [5,6].
Due to poor combustion quality associated with inefficient traditional cooking practices and their
frequent indoor use, household air pollution from cooking is attributed to 3.5-4 million premature
deaths every year [7,8]. In addition, products of incomplete combustion such as black carbon
contribute to climate change, with recent estimates indicating that traditional biomass cooking
contributes 34-45% of the warming due to black carbon and up to 8% of global warming overall [9-
11]. Furthermore, increasing population in LMICs has pushed the firewood harvest rates to
unsustainable rates that is estimated to threaten livelihood of 275 million people who live in firewood
depletion hotspots [10].

To contribute to addressing these challenges, many types of ICS have been designed to improve
heat transfer and combustion efficiency and therefore lower the carbon footprint, negative health
impacts, and firewood consumption rates. However, despite the potentially significant benefits and
more than three decades of ICS distribution, low adoption rates are observed in many projects [12—
14], and low adoption and displacement rates lead to diminished impacts [1]. A recurring theme of
studies that evaluate ICS adoption is the notion that systematic integration of users in design and
implementation process is needed to improve real-world performance and adoption [7,15,16]. To
support the ability to modify the technology design to better align with user attitudes, behaviors, and
social norms toward decision-making and adoption, an effective method is needed.

Design and implementation of ICS demands comprehensive integration of engineering design
attributes along with user-centered design attributes. Lack of comprehensive inclusion of all
contributing engineering attributes are likely to reduce the positive impacts of using the ICS for
public health and indoor air pollution reduction. For instance, a randomized control-trial study on
10,750 children in rural Malawi could not find a meaningful relationship between using an ICS and
reduced risk of pneumonia or skin burns [17]. A review of 42 studies that reported household air
pollution from solid fuel stoves suggested that while majority of the stoves were able to reduce the
carbon monoxide emissions below WHO'’s guidelines, there were no stove among reviewed studies
that could improve PM:zs concentrations to below WHO guidelines [18]. This finding suggests that
engineering design of ICS should be carefully carried out to contribute to improved household air
quality and public health through effective reduction of all hazardous pollutants. For example, a
study in Honduras found that using an ICS in a trial group was associated with 73% reduction in
level of indoor PM2.5 and 87% less CO concentration, which translated to less reported health
symptoms among women in trial group [19]. While engineering attributes are important for
effectiveness of adopting an ICS to lead to improved public health impact, this study is focused on
the issue of adoption of ICS from a user perspective. The objective of this work is to introduce a
methodology for technology designers, policy makers, and implementers to systematically analyze
user behavior and preferences that, along with optimized engineered ICS design, could lead to
population scale continuous use of ICS instead of inefficient traditional methods for improved public
health.

Users of products face a number of competing preferences and objectives when making choices
to meet their needs. Therefore, it is important to formulate product design and implementation
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strategies based on a holistic understanding of user priorities. In the case of clean energy technologies
such as solar panels, electric vehicles, or clean biomass cookstoves, understanding such priorities and
preferences should play a critical role in design because the technology must be aligned with the
user’s needs and motivations to create an intention to change current behaviors. According to the
diffusion of innovations theory, diffusion occurs through a process of communication of a specific
innovation through social channels over time between members of a community [1]. Based on
perceptions of relative advantage, compatibility, complexity, trialability, and observability, the user
decides whether or not to adopt a technology [20]. Therefore, technology adoption is highly
dependent on user’s perceptions.

Several studies have identified the importance of the community and user perspective (demand
side) on cookstove adoption. Along with the importance of demand-side attributes that influence
adoption of clean energy technologies, accessibility of the products is a necessary condition for higher
adoption rates. However, if accessibility is not a barrier, adoptability and usability may be [21]. For
example, one study that ranked attributes that determined adoption of small scale household
renewable energy technologies found that parameters such as ease of use could increase technology
uptake [22]. Another study discussed how incorporating attributes of cooking as a social practice
could inform policies for more effective technology adoption strategies [23]. The role of users has
long been known as a key determinant for success or failure of ICS dissemination projects based on
a survey of 137 of such programs, which found that incorporating the needs of the main users (female
cooks in the majority of the cases) in early stages of ICS design is crucial for making a significant
impact through increased adoption [24]. Despite the findings of studies that suggest understanding
the users” motivations and decision-making process is essential to successful ICS dissemination,
systematic integration of user attributes in design and implementation process still poses a challenge.

1.1. Considerations for Residential Energy Technology Adoption

It is important to consider that in addition to the technology’s design, implementation strategies
should also be systematically user oriented to translate users’ needs into demand [25]. The likelihood
of adopting a new cooking device increases when households perceive the importance of changing
their traditional cooking behavior. Since cooking is a repetitive daily process and associated with a
basic human need, traditional cooking practices are deeply rooted in a culture. Therefore, rapid
technology deployment in a community and short-term informational campaign without any
background or follow-up assessment are not likely to result in sudden and pervasive change. One
study monitored post-intervention stove adoption in a rural setting in India for four years and
concluded that if households do not value the ICS, health and firewood use are not likely to be
improved because stove use is too infrequent to displace traditional methods [26]. That study
concluded that the goal of ICS implementation will not be achieved if users do not use the stove
frequently and properly, skip regular maintenance, or do not update their beliefs about how to use
it. Therefore, users’ attitude, beliefs, and knowledge about changing their cooking device should be
addressed through medium- to long-term information campaigns. Another study in rural
Bangladesh found that despite that 94% of respondents recognizing the smoke emitted by traditional
stoves as unhealthy, there was low value placed on ICS due to the limited resources available to
households to meet many other basic priorities such as electricity access, sanitary latrines, doctor
consultations, and school attendance [16]. In these and similar situations, appropriate behavior
change communications are likely to improve adoption rates.

Behavior change communication strategies such as information campaigns not only improve
households” awareness regarding the problems associated with traditional cooking practices, but also
increase social influences in favor of ICS adoption. This is due to the social nature of choices and the
contribution of society to individual’s decisions through social norms and widespread beliefs [27,28].
Such social influence can be measured as the strength of intra-communal links and bonding social
capital for promoting the spread of information and ICS adoption, and can be evaluated
systematically in a community [29]. Similarly, a review of three case studies of technology adoption
in rural settings concluded that social network attributes including the social structure of the
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community, network of women, and influential community members are likely to play an influential
role in ICS adoption [30]. Therefore, households are more likely to accept a technology if their peers
have positive attitudes about the technology. Similarly, if their social ties are not satisfied with the
technology, the likelihood for households to adopt it decreases.

The Global Alliance for Clean Cookstoves, now the Clean Cooking Alliance, has defined five
important measurement areas of clean cookstove adoption along the value chain defined as
distribution and uptake, promotion, policy and coverage, adoption, and sustained adoption [31]. In
addition, the goal of ICS diffusion projects requires fulfillment of three conditions [32]. First, the
individual should have the opportunity to adopt ICS which includes accessibility and supply side
challenges. Second, the individual should be able to work with the technology. And third, the
individual should be motivated to change their behavior. Thus, methods to promote these three
conditions are needed. The first condition is fulfilled by financing and distribution mechanisms,
while the second requires an approach that begins with design. Development of user manuals,
accessible trainings, design for usability, and post intervention customer services should be
implemented to improve impacts of the ICS diffusion projects [18]. For example, a case study that
monitored user behavior in early stages of ICS adoption in urban settings in India for six weeks found
that despite that users had interest in cooking with ICS, their early experiences led them to stop using
the technology [33]. The users did not regularly remove the ashes from the stove, and only used one
of the two available burners of ICS, causing the efficiency of the stove to be significantly reduced. In
addition, they perceived the smoke reduction feature of the ICS as a drawback, because smoke keeps
mosquitos away during cooking. These observations suggest that user’s attitude toward cooking and
habits had not been reflected in the technology design, nor had their need for training in proper use.
As aresult, the ICS performance was not efficient and its usability was not desirable for users, leading
to discontinued use. Therefore, it is important to address these attributes during design and
distribution of clean technologies to increase adoption rates. To do so, an understanding of user needs
and behaviors is needed early on in the design process.

1.2. Models of Behavior

There are several validated approaches that investigate technology adoption, including the
diffusion of innovations theory [1], technology acceptance model [34], social cognitive theory [35],
Unified Theory of Acceptance and Use of Technology [36], and Theory of Planned Behavior (TPB)
[37]. Reviewing these models suggest that certain attributes have been incorporated in more than one
approach, suggesting that these attributes do play an important role in explaining technology
adoption behavior. Such attributes include user attitudes, perceptions, evaluations, social influences,
and hindrances [38].

Health Behavior Models Environmental Psychology Models

The Health Belief Model
Protection Motivation Theory
Social Cognitive Theory
Stage Theories of Health
Behavior

Norm Activation Model
Value-Belief-Norm Theory
Goal Framing Theory
Comprehensive Action
Determination Model

Theory of
Planned
Behavior

Figure 1. Decision making theories in both health-related and environmental behaviors.
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Clean technologies perform tasks that are currently completed with conventional counterparts
but do so in a way that is less harmful for environment and/or has improved health impacts.
Therefore, it is important to apply a model that has been proven to predict pro-environmental and
health behaviors. There have been a number of models that have been evaluated for performance and
robustness in these areas throughout the literature, as shown in Figure 1. In the left circle, prominent
methodologies for predicting health related behaviors are listed [39], while the right circle captures
the dominant models that investigate interactions of individuals with the environment [40,41]. The
overlapping area shows that a single model that covers the domains of both health and environment
is the Theory of Planned Behavior (TPB). There are multiple reviews and meta-analyses of studies
that have applied and validated TPB for the psychological decision-making process in the domains
of both health and environment [42-44], health and environmental behaviors such as food
consumption decisions [44], contribution of specific job factors and work-family conflicts on healthy
work intention [45], recycling [46], and consumption of green products by youth [47]. These have
been successful in terms of linking behavior to TPB constructs with statistical significance to suggest
the causal relationship between behavior, intention, and three TPB constructs of intention. Others
have developed theoretical models of clean cookstove adoption with no experimental evidence to
support performance and reliability in terms of predicting behavior [48,49].

In addition, TPB is among the more parsimonious models of behavior analysis, which is
particularly important in the domain of social studies in low resource settings where data is scarce.
Since data collection in such settings demands significant logistical requirements and expenses, lean
approaches with the strongest prediction power based on minimum data points and model attributes
are best suited for such studies. Because of TPB’s robustness in domains of behavior that are
attributable to clean technology adoption, as well as its’ efficiency, TPB was selected as the most
appropriate model for the purpose of this study.

One key reason for the prominent application of TPB is because of the structural simplicity and
universal applicability of the theory across behavioral domains [41]. Developed by Ajzen [37,50], TPB
defines intention as the best predictor of behavior. Behavior intention represents readiness of an
individual to conduct or avoid a particular behavior. The TPB assumption that intention is the main
descriptor of behavior is validated by multiple studies that investigate causal relationship of beliefs
with behavior in the literature [51-53]. In a meta-analysis of experimental studies, a medium-to-large
intention change is found to lead to a small-to-medium behavior change [54]. According to this
theory, intention is composed of three categories of attributes that form the behavior intention (Table
1).

According to this theory, intention is composed of three categories of attributes that form the
behavior intention (Table 1). Although the structural simplicity and universal applicability of TPB
contribute to its popularity [41], there are two major limitations to its use. First, the difference between
values and expectancies is one of the main criticisms to TPB that is investigated by [55]. Value beliefs
are an individual’s evaluation of desirability of a particular behavior, while expectancy beliefs refer
to the likelihood of certain outcomes as the consequence of such behavior. Some applications of TPB
add these two separate beliefs together without recognizing the differences in meaning of response
range for each one. However, for two reasons this study is not likely to be affected by this issue. First,
individuals’ beliefs and evaluations to be more reflective of community scale opinions rather than
individual level judgements in low resource communities. This is referred to modally salient beliefs
by [55]. Second, his study uses direct questions reflective of attitude toward cooking behavior instead
of using the interactive measurement of attitude toward behavior through asking questions
representing each category of value beliefs and evaluations separately. Therefore, this shortcoming
is not likely to affect the influence of attitude toward behavior on intention, which is studied here. A
second major criticism to TPB is based on a literature review that suggests TPB'’s categorization and
flow of behavior is not justifiable due to priority of beliefs over intention on influencing the behavior,
as well as role of some attributes that are not described in the method but have strong correlation
with behavior such as habits [56]. However, to address this, Ajzen explains that statistical reliance on
a few questions to capture each attribute, as well as lack of accurate model development and
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implementation are the major reasons for insignificant practices cited in the previous study [57]. To
avoid such problems, this study uses the standard guideline proposed by Ajzen to design the study
(58].

Table 1. TPB Constructs.

Attitud
rude Outcome of an individual’s personal beliefs and his/her evaluations
Lo ATB Toward regarding validity of such beliefs
Behavior & &YV v ’
Social and Outcome of an individual’s normative beliefs about a specific behavior, the
- extent to which people important to the person approve or disapprove the
2. SN Subjective . . . .
behavior, and personal evaluation of the social pressure for conforming to
Norms . . .
perceived normative beliefs.
Perceived
ercellve An individual’s perception for the control s/he has over the behavior is a
3. PBC Behavioral . . . .
Control function of her control beliefs and the power s/he feels in such control beliefs.

Despite these criticisms, a meta-analysis of experimental evidence suggests that a medium-to-
large intention change is still likely to lead to a small-to-medium behavior change [54], and the
recommendations can address criticisms to ensure the model development and specifications are
correct [55,58,59].

1.3. Objective and Novelty of the Paper

Recognizing that technology adoption in LMICs is a complex process involving a variety of
critical factors including awareness, accessibility, usability, satisfaction, and motivation [60], this
study focuses on the motivation piece by applying TPB to estimate user intentions to adopt ICS. It
uses TPB as a quantitative methodology for comprehensive evaluation of multiple facets of user
intentions to adopt clean energy technologies that seek to reduce the health burden, fuelwood
consumption, and detrimental environmental impacts of traditional cooking practices. Through
application of TPB in measuring behavioral attributes that influence intention to adopt clean
cookstoves, insights may be gained for technology designers, international development programs,
and policy makers to develop products and implementation strategies that are more tuned to user
motivations and, therefore, more likely to effectively replace their traditional counterparts. Since TPB
can be applied in a wide range of sectors, lessons learned here can then be applied to a variety of
development projects.

2. Methodology

This study hypothesizes that when an ICS is affordable and accessible, a household’s intention
to use available alternatives is the main determinant of her choice whether to adopt or not. Then, the
causal relationship between the three TPB constructs presented in Table 1 and the intention to cook
with ICS can be evaluated. As a result, intention is explained based on attitude toward behavior
(ATB), social norms (SN), and perceived behavior control (PBC) which are quantified based on data
collected through surveys in target communities.

2.1. Survey Design

Its conventional wisdom that the quality of the results directly depends on the quality of the
survey and data collection procedure. Therefore, standard procedures to develop a reliable TPB
survey from the literature were followed [57,61,62].

e  Consistency —Primarily, the questions related to each category of TPB attributes were designed
for internal consistency, a measure of reliability that informs how observed variables describe
the attributes of interest [63].

e  Efficiency—To ensure that survey questions reflected the dominant widespread beliefs and
motivations in the target community, a pilot survey was used to narrow down questions. It
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included open-ended questions about cooking, food, firewood collection, and power dynamics
from a small group of community members and local staff of partner NGOs. The answers to
these open-ended questionnaires shed light into the main attributes that play role in cooking
behavior in the target communities. Then survey instrument questions were designed based on
these attributes to capture a wide array of responses regarding topics such as kitchen cleanness,
safety, smoke emission, and firewood consumption.

¢ Reliability and simplicity — Using a translation-back-translation procedure by the field staff who
were native speakers of the local language, the validity of questions and their simplicity was
evaluated.

e Limited bias—In the second round of data collection, local staff were trained to conduct an
unbiased data collection in the way to reduce the effect of surveyor bias and their feedback were
integrated in the questionnaire to reduce the socially desirable biases.

Figure 2 presents an example of how different questions capture beliefs and evaluations under
the umbrella of TPB constructs in this study. Three survey questions with different wordings were
used to record the intention to cook principal meals with ICS, because the experiences of the authors
suggest that asking about respondents” willingness to cook their principal meals with ICS is a
reasonable proxy to capture intention to adopt an ICS as opposed to casual or infrequent usage. The
survey also includes three to five questions for each TPB construct to capture a multitude of beliefs
related to that category.

How likely will you cook meals with
ICS?

Emitting less smoke is:

Very good Good Bad  Very Bad
o T

How important is the opinion of
friends and family about ICS?
Very Important Important

Low Important Not Important

How feasible is it to replace your
traditional stove with ICS?

Very Easy Somewhat Easy

Slightly Difficult Very Hard

Attitude
Toward
Behavior

Perceived
Behavior
Control

Very Likely ~Somew

A Little Unlikely ~ Not Likely

vhat Likely

Behavior

Figure 2. TPB framework and example survey questions

Overall, the survey contained twenty-eight TPB questions in Honduras and eighteen questions
in the Ugandan version. Questions are in a Likert scale with responses quantitatively coded as ‘1’ for
‘strongly disagree’ or equivalent to ‘5’ as ‘strongly agree’ or equivalent and a separate ‘I don’t know’
option. In addition to the TPB questions, the surveys included sections related to demographics,
general impact assessment questions, and social networks. These served for the interests of NGO
partners and also provided more background information to assess the reliability of TPB responses.
The complete survey instrument is provided in the Appendix A.

Using the survey results, independent variables in an ordinal logistic regression represent ATB,
SN, and PBC, while intention to cook with ICS serves as dependent variable (Equation (1)). These
variables are based on the coded responses from the survey questions. Following statistical
guidelines, multiple regression analyses were used to find the most relevant attributes with the
highest model significance [59]. Structural Equation Modeling could not be used due to small sample
size for such method and presence of separation in some datasets. Since ordinal logistic regression
applies a mathematical transformation of Equation (1), coefficients are reported either as log odds or
odds ratios. If the model does not violate the parallel regressions assumption, estimated coefficients
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can be interpreted quantitatively as odds ratios, indicating that one unit increase on the Likert scale
in the explanatory variable is associated with the respective coefficient’s change in the levels of
dependent variable, with all other variables held constant. For example, one unit increase in the
individual’s attitude toward smoke reduction improves odds of higher levels of their intention to
cook more meals with ICS {31 times:

Intention = f3,+ 3, (ATB)+ f3,(SN)+ 3, (PBC) + & (1)

2.2. Data Collection

With human subjects oversight by the Oregon State University Institutional Review Board under
study number 7257, a total of 549 households participated in data collection. This included 379
households in the Copan Ruinas region of Honduras, and 170 households in the Apac district of
Uganda (Table 2). First, a subset of 7-10 households in each community was surveyed in the pilot
study to identify the TPB attributes that were most likely to influence intentions. Based on the pilot
study responses, the baseline survey was designed in collaboration with field staff. Next, the main
cook of each household was surveyed at the baseline, prior to receiving the ICS. Then, households
received their ICS. In Honduras, the ICS was fully subsidized, while in Uganda the stove price of
8000 to 10,000 Ugandan Shillings (~$2.20-$2.70 USD), was partially subsidized to be equivalent to
40% of the average weekly income of the head of household. After a trial phase of one month in
Uganda and two months in Honduras, follow-up surveys were conducted in each household to
capture how the experience of cooking with ICS altered any attributes. As a result, the baseline survey
captured households’ experiences and opinions about traditional cookstoves and their impacts on
livelihood, as well as their expectations for an ICS, while the follow-up survey captured their
experiences and updated expectations for ICS.

Table 2. Demographic information of study’s samples.

Honduras Uganda
Sample size (households) 379 175
Number of villages 8 2
Affected population 1765 581
Number of children (under 17) 684 (39% of affected population) 204 (35% of affected population)
Minimum: 15 Minimum: 15
Main cook’s age distribution (years) DA/I\E:Z;Z;HE’);: x:;:;:g;za
Std. dev.: 14.5 Std. dev.:15.32
Income average (per week) 770 HNL 24,000 UGX
(~32 USD) (~6.70 USD)
No education 10%
Incomplete primary 17%
Education No education 70% complete primary 28%
(primary income earner) Incomplete primary 30% Incomplete secondary 12%

Complete secondary 20%
College/university 11%

3. Results and Discussion

Although applying TPB to quantify users’ experiences and expectations is a straightforward
process, researchers must pay attention to the validity of models and data in addition to interpreting
the results, particularly in data scarce settings such as those in this study. In this section, the two
datasets are analyzed and lessons to improve quality of the data are discussed in detail.

3.1. Honduras
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Tables 3 and 4 show the means, standard deviations, and correlations between variables from
the baseline and follow-up studies in Honduras, respectively. There were a variety of other variables
in each category of attributes that were included in the surveys but omitted in the models. This is due
to low internal consistency, incoherent translation, or lack of representation of every choice of the
Likert scale. In addition, due to lack of representation of some categories of the dependent variables
in the dataset, the parallel regression assumption could not be tested. As a result, reported coefficients
are in log odds, instead of odds ratios hence should not be interpreted quantitatively for either the
baseline or follow-up studies. Coefficients presented in log odd terms are values in mathematical
formulas that describe likelihood of correlation between explanatory variable with explained
variable. Such mathematical representations could be transformed to odds ratios hence interpretable
only if the parallel regressions assumption holds true [64]. In the second round of data collection (in
Uganda), such issues were addressed by improving the design of the study and data collection
process.

The models that were developed are presented in Table 5, showing the variables for each TPB
construct that were most significant to predicting intention as measured by the dependent variable
in Honduras. Three models for the baseline study have high probabilities to reject the null hypothesis
of Wald Chi square test that all estimated coefficients are equal to zero. Therefore, independent
variables in the baseline models are likely to influence the intention. Baseline Model II and III show
more promising results than Model I. These two models both have more significant measures to reject
the hypothesis of Wald Chi square test, as well as relatively lower Akaike information criterion (AIC)
and Bayesian information criterion (BIC) goodness-of-fit values. Baseline models suggest that
reducing smoke emission is likely to have significant influence in households’ intention to use an ICS.
A lower obligation to ask permission or consult with another family member to cook with ICS is also
likely to have positive influence on intention. Having a higher perception regarding the feasibility to
change long-term habits is correlated with an increased intention for cooking principal meals with
ICS in all three models.

In the follow-up study, Model I fails to reject the null hypothesis of Wald Chi-square test,
suggesting that all independent variables are likely to have no significant influence in describing
intention. However, the significant and negative coefficient of smoke emission attribute in both
models suggest that individuals with a stronger attitude toward reducing smoke emissions are less
likely to cook main meals with ICS in a daily basis. This is an important finding indicating that
households” expectations regarding smoke emission reduction were likely unfulfilled during the
trial. However, further interpretation and quantification of the change in users’ attitudes based on
the baseline and follow-up study in Honduras is impossible due to biases.

Table 3. Correlation among model constructs and descriptive statistics-Baseline, Honduras.

ATB1 ATB2 SN1 SN2 PBC1 PBC2 Intention

ATB1 1.0
ATB 2 0.46 *** 1.0

SN1 0.11*  0.16 *** 1.0

SN 2 0.11*  0.11* 0.12* 1.0

PBC1 0.10*  0.12* 0.06 -0.02 1.0

PBC 2 0.08 0.17** -0.01 -0.10* 0.17*** 1.0

Intention 0.16 **  0.12** 0.00 0.04 0.14*  0.15** 1.0
Mean 3.54 3.48 3.33 3.52 2.72 3.05 3.81
Standard Deviation ~ 0.498 0.50 1.068 0.50 1.096 1.488 0.415

* p-value < 0.10, ** p-value < 0.05, *** p-value < 0.01.
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Table 4. Correlation among model constructs and descriptive statistics-Follow-up, Honduras.

ATB1 ATB2 SN1 SN2 PBC1 Intention

ATB 1 1.0
ATB 2 0.35 *** 1.0
SN1 0.14**  -0.05 1.0
SN 2 0.14* -0.13* 0.14** 1.0
PBC1 0.03 0.11** 002 -0.09* 1.0
Intention -0.13*  -0.07 0.06 -0.02 0.04 1.0
Mean 4.74 4.77 4.47 4.26 4.89 2.66

Standard Deviation  0.457 0.440 0.828 1.138  0.551 0.600
* p-value < 0.10, ** p-value < 0.05, *** p-value < 0.01.3.1.1. Lessons Learned

Design of the study, implementation, and survey questions are among the key factors that
determine quality and reliability of results. In the first study, some of the questions were biased in
design and hence could not be interpreted. For example, one question asked, “How important is
reducing fire smoke?” The word “important” in this question causes an inherent bias toward
importance of less fire smoke. Therefore, the respondent was unintentionally directed to report
higher levels of importance than what she may believe. The correct wording of survey questions
should have no direction or inherent biases [65]. For example, the correct way to ask the question
mentioned above could be: “On a scale of one to five (one not important at all, five very important),
what do you think about reducing the smoke a cookstove emits?” In addition to potential biases in
some of the survey questions, it was learned that the overall design of the study was associated with
some bias. Due to the objectives of the project partner, the stoves that were used by households
during the trial phase were distributed without any cost to the participants.

Table 5. TPB Models from Honduras.

Baseline Baseline Baseline Follow-Up Model  Follow-Up
Model I Model IT Model III I Model II
. Will you cook your principal meals How many meals do you cook
Dependent Variable }r/nainly wi};h (Ié)s braid)? each day v?/,ith the (ICg brand)?
Independent Variable
ATB 1: Fuelwood -0.3587 -0.2982
consumption (0.2997) (0.3351)
- 0.6143 * 0.6305 0.7361 * -0.7594 ** -0.8395 **
ATB 2: Smoke emission (0.6633) (0.7230) (0.8713) (0.3658) (0.3285)
SN 1: Support of friends -0.1009 -0.0209
and family (0.3222) (0.1786)
015)1;120: Ifr(’;flf’fc; f;r(‘i‘;ea‘: | -0.0279 0.0154 -0.1325 ~0.1599
. (0.1998) (0.1980) (0.1267) (0.1252)
family
PBC 1: Obtaining 0.3449 *** 0.3811 *** 0.0178 0.0855
permission or not (0.1621) (0.1758) (0.2112) (0.2112)
PBC 2: Feasibility of 0.2565 * 0.2751 * 0.2836 *
changing habits (0.1781) (0.2081) (0.2093)
N 255 239 237 297 309
Wald Chi-squared 6.47 * 18.28 *** 19.50 *** 7.34 7.66 *
AIC 2235 205.7 202.2 4344 456.5
BIC 237.7 223.0 223.0 464.0 478.9
Log pseudo likelihood -107.8 -97.83 -95.11 -209.2 -222.3

Results are in log odds. * p-value < 0.10, ** p-value < 0.05, *** p-value < 0.01. Robust standard errors
are in parenthesis.

Since respondents were offered a free ICS, they reflected their gratitude through their answers
to survey questions. This induces both the Hawthorne effect and socially desirable bias, in which
respondents answer the survey questions in a way that they perceive the researcher wants to hear
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rather than expressing real opinions [66,67]. As a result, data leaned heavily toward the positive end
of Likert scale questions. To avoid such biases researchers should design the study in a way that is
more likely to capture respondents’ true opinions. Based on this, it is important to avoid promises or
practices of free gifts in exchange for participation in surveys. Detailed discussion on how to remedy
for these two biases are presented by [68,69].

3.1.2. Data Separation and Internal Consistency

Data screening is important to correct for potential violations of the assumptions of TPB and/or
regression analysis. The observations in the first dataset of this study were suffering from quasi
complete separation, and low internal consistency. When one or more levels of independent variables
are not describing the outcome, such lack of representation is referred to as separation [70]. Complete
separation causes estimated coefficients to approach infinity, while quasi complete separation causes
inflated coefficients. In the follow-up dataset from Honduras, the dependent variable had no
recorded observations for some levels of responses which led to invalid regression results and
inflated coefficients. Several approaches that could be applied to address separation are discussed by
[71], including omission of variables that have low or no variation and exact logistic regression.
However, any approach has consequences that may influence the research hypotheses and invalidate
conclusions from the analysis. The experience of researchers in this study suggests that the best way
to address separation while conducting TPB analysis is by increasing sample size, careful design of
the questions that yields heterogeneous recorded responses from participants, and parsimony in
observed variables.

In the application of TPB, if questions intend to directly ask about particular constructs of the
model such as ATB, SN, and PBC, the questions should have a high degree of internal consistency
[58]. Therefore, it is important to select direct measures that show high reliability scores such as
Cronbach alpha in the pilot study. For example, in the first study observed variable for change in
taste of food did not show plausible internal consistency with other important variables such as
smoke emission and firewood consumption. As a result, change in taste of food was removed in
further analyses because of lack of consistency with the variables that are already established to be
imperative attributes.

Learning from such errors, the second project in this study was able to predict the intention for
cooking more meals with ICS based on TPB categories of attributes hence providing reliable results
for future policy applications and design practices. In addition to controlling for discussed biases,
robust standard errors were used to address potential existence of heteroscedasticity and models are
corrected for parallel regression assumption to justify interpreting their coefficients in terms of odds
ratios.

3.2. Uganda

In the second study in the Apac district of Uganda, the distributed ICS was partially subsidized
to motivate respondents to participate in the study. Therefore, participants are more likely to report
their opinions with less probability of occurrence of socially desirable bias. Results of the Uganda
pilot test presented plausible internal consistency between smoke emission, firewood consumption
and stove durability for the ATB attribute. While attributes including changing habits, the husband’s
satisfaction of food, and self-confidence regarding change in kitchen equipment provided consistent
measures of PBC. Questions designed based on these results were shared with a few non-participant
community members identified by local staff before data collection to avoid potential biases and back
translation procedure. Researchers also explained the purpose of the study and the method to collect
data for behavior related Likert scale questions to the data collectors using a few videos to help avoid
surveyor biases and elicit more granular responses from participants.

Tables 6 and 7 show the means, standard deviations, and correlations between variables from
the baseline and follow-up studies in Uganda, respectively. Results were used to develop two models
for the baseline data and two models for the follow-up (Table 8). Model I in the baseline study violates
the parallel regressions assumption so results are reported in log odds. Nevertheless, because the
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independent variables are statistically significant, they indicate a higher likelihood of influencing
intention as the dependent variable. Therefore, Model I suggests that at the baseline and before users
experience the clean cookstove, intention to cook with it is likely because of positive attitudes (ATB)
toward less smoke emissions and less firewood consumption, with stronger correlation than other
issues investigated. In terms of SN, the more individuals value opinion of their friends and family,
they are more likely to cook with the improved cookstove. Both significant attributes that represent
PBC are indicators of an individual’s power and perception of authority she exercises to change her
cooking device and both show a statistically significant correlation with intention, but in
contradictory ways. Estimated odds ratio related to variable PBCI1 is greater than one, suggesting that
the more individuals have authority to change their cooking device, the more likely they are to cook
with improved cookstove. However, odds ratio of the variable PBC2 is less than one, suggesting the
more respondents perceive themselves as independent decision makers, the less likely they are to
change their cooking device. One potential explanation for this contradictory finding could be that
the more independency households feel in making decisions for appliances, they tend to allocate
available resources to the most pressing needs such as medicines and food instead of ICS.

Table 6. Correlation among model constructs and descriptive statistics-Baseline, Uganda.

ATB1 ATB2 SN1 SN2 PBC1 PBC2 Intention

ATB 1 1.0

ATB2 0.29 *** 1.0

SN 1 0.14* 0.15* 1.0

SN 2 -0.06 012*  0.18** 1.0

PBC1 -0.09 0.12*  0.19** 0.21 ** 1.0

PBC 2 0.02 012* 026** 0.13* 041* 1.0
Intention 1 0.19*  0.38** 0.25** 0.28** (.45 *** 0.07 1.0
Intention 2 -0.03 0.16* 020** 0.15* 0.18* 023**  (0.32**

Mean 3.53 3.56 3.60 2.82 3.12 3.07 3.37

Standard Deviation  0.677 0.602 0.913 0.987 1.443 1.168 0.988
* p-value < 0.10, ** p-value < 0.05, *** p-value < 0.01.

Table 7. Correlation among model constructs and descriptive statistics—Follow-up, Uganda.

ATB1 ATB2 SN1 SN2 SN3 PBC1 PBC2 PBC3 Int.1 Int.2

ATB1 1.0
ATB2 0.36 *** 1.0
SN1 0.24 ** 0.18* 1.0
SN2 -0.02 -0.06  0.27** 1.0
SN3 0.20 * 0.07 0.19*  0.32** 1.0
PBC1 -0.03 -0.03 -0.07 -0.07 0.02 1.0
PBC2 0.32**  019* 0.13 -0.02 0.08 0.41 *** 1.0
PBC3 0.22* 022*  0.19* 0.00 0.17 -0.08 0.12 1.0
Int.1 033 ** 0.28**  -0.06 -0.16 0.21 ** 0.06 0.35***  0.24** 1.0
Int.2 0.20* 0.04 0.00 -0.14  0.27** 0.00 0.08 0.32 %% (0.44 *** 1.0
Mean 3.63 3.44 3.76 2.51 3.23 3.62 3.38 3.19 3.41 3.53

Standard Deviation  0.593 0.567 0.501 1.554 0.835 0.830 0.674 0.999 0.860  0.501

* p-value < 0.10, ** p-value < 0.05, *** p-value < 0.01.

In the follow-up Model II the results were corrected for the parallel regression assumption by
removing the variables that were in violation. Therefore, results of Model II are presented in odds
ratios and can be interpreted quantitatively. This model indicates households’ attitudes toward
importance of reducing smoke emissions is the most important factor that influences their intention
to adopt improved cookstoves.

On average, households with a slightly stronger belief about the importance of reducing smoke
emission (one level on a scale of one to five) are 3.27 times more likely to cook two more meals with
improved cookstoves. In addition, if households find their friends and family supportive of cooking
meals with an improved cookstove, the number of meals they cook with improved cookstove is likely



Energies 2020, 13, 3021

13 of 29

to increase. The odds of cooking two more meals with ICS during each week for a household that
feels slightly higher encouragement from friends and family regarding cooking with ICS (one level
on a scale of one to five) is 1.47 times as likely.

Table 8. TPB models from Uganda.

Uganda-Baseline

Baseline
Model I'

Baseline
Model IT i

Follow-up
Model I'i

Follow-up
Model IT i

How many meals do you think

you will cook with the

Now that you have
experienced (ICS brand)

How often do you
think you will use

Dependent Variable . . how likely is it that you (ICS brand) in next
improved cookstove during .
cach week? cook all y.()ur main meals few months to cook
with that? your main meals?
Independent
Variable
ATB 1: Fuelwood 0.5541 ** 1.1833 1.3361 2.6782 **
consumption (0.4580) (0.2765) (0.6185) (1.2842)
ATB 2: Smoke 1.1043 *** 3.2772 % 1.1565 2.1335%
emission (1.0895) (1.2047) (0.5150) (0.9730)
SN 1: Support of 0.2708 1.4703 ** 0.4525
friends and family (0.2512) (0.2803) (0.2513)
SN 2 Importance of ) 157 4, 0.5373 * 0.6441
opinion of friends (0.2734) (0.1786) (0.2007)
and family
N 3: Importance of
° ne:ighbsfs’ stocjeo 1.3852 %
(0.2236)
types
PBC 1: Obtaining 0.6833 *** 0.7950
permission or not (0.2579) (0.2578)
PBC 2: Power to 0.4619 ** 0.8986 2.5113 ***
make decision (0.1140) (0.1341) (0.8898)
independently
PBC 3: Change of -
habit 2.7253 *** (0.7831)
N 172 172 87 83
Wald chi-squared 61.01 *** 24.94 *** 25.19 *** 17.98 ***
AIC 309.5 343.6 190.3 103.9
BIC 340.9 368.7 212.5 120.8
Log pseudo
likelihood -144.7 -163.8 -86.17 -44.95

i Results are in log odds. i Results are reported in odds-ratios. * p-value < 0.10, ** p-value < 0.05, *** p-
value < 0.01. Robust standard errors are in parenthesis.

On average, households with a slightly stronger belief about the importance of reducing smoke
emission (one level on a scale of one to five) are 3.27 times more likely to cook two more meals with
improved cookstoves. In addition, if households find their friends and family supportive of cooking
meals with an improved cookstove, the number of meals they cook with improved cookstove is likely
to increase. The odds of cooking two more meals with ICS during each week for a household that
feels slightly higher encouragement from friends and family regarding cooking with ICS (one level
on a scale of one to five) is 1.47 times as likely.

The study in Uganda was based on partially subsidized stoves. As a result, participants in the
follow-up study represent only a subsample of baseline participants who were willing to pay for a
subsidized improved cookstove. Therefore, the models in the follow-up study are based on a smaller
sample size. The dependent variable in follow-up Model I contains data related to households’
intentions to cook all their meals with ICS. This model indicates that after a trial period, households’
intention to cook with ICS is not likely to be significantly influenced by their attitudes toward smoke
emission and firewood consumption. This finding suggests that their expectations in terms of
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reducing smoke emissions and firewood consumption are likely to have been fulfilled by the stove.
However, their intentions to cook all their meals with an improved cookstove or fully replacing their
traditional stove(s) is likely to be influenced by their social norms and perception of the control they
have over changing their behavior. In terms of SN, a household with slightly stronger (one level on
a scale of one to five) feeling about the importance of friends and family’s opinion is 0.53 times as
likely than average to cook all their meals with ICS. In contrast, a household with slightly more
sensitivity (one level on a scale of one to five) about the type of stove that neighbors are using is 1.38
times as likely as average to fully adopt ICS. One potential explanation for this inconsistency could
be the difference between experiences of friends and family versus neighbors. The study was
conducted in a community where not necessarily every friend and family participated in the trial
phase, yet many neighbors received offers to participate in the study. As a result, opinions of friends
and family might be inconsistent with the experiences of participating neighbors. The most
significant attribute that influences intention in Model I of the follow-up study is the perception of
difficulty to replace the traditional practice with an ICS. Results suggest that a cook that perceives
this transition as slightly easier (one level on a scale of one to five) than average is 2.72 times as likely
to fully replace her traditional stove in favor of the ICS that she used in the trial phase. This finding
presents the importance of habits and demonstrating the ease of using the ICS in determining
successful transition of communities toward clean energy technology adoption.

In Model II of the follow up study in Uganda, the dependent variable captures the intention to
cook main meals with ICS. While both questions capture the intention to cook principal meals with
ICS as a proxy for full adoption, they are worded differently and placed randomly in the survey for
purposes of cross validation and avoiding correlation biases with preceding questions. Results of
Model II suggest that intentions are likely to be influenced by ATB variables related to smoke
emissions and firewood consumption. Respectively, individuals with slightly stronger belief
regarding importance of less firewood consumption and reducing smoke emissions are 2.67 and 2.13
times more likely than average to cook main meals with ICS. In addition, the ability to independently
choose a cooking device is a significant determinant of intention to use ICS. Based on the results of
Model II, odds for individuals who perceive slightly higher independence in making this decision
are 2.51 times higher than average to cook main meals with ICS.

4. Conclusions and Future Work

This work focuses on the use of TPB as a quantitative methodology to predict users” intentions
to adopt clean cookstoves. This model focuses solely on the motivation to adopt, while other factors
such as awareness, accessibility, affordability, and usability play a key role in adoption and sustained
use, and therefore impact, as well. Findings are useful from two perspectives of engineering design
of clean technologies and policy design for promoting long-term and consistent adoption of clean
technologies. Both perspectives are further discussed below.

From an engineering design perspective, this approach provides a quantitative method to
comprehensively capture important attributes of a technology that influence the intention of users to
use the technology. Therefore, application of this method enables the technology designer to identify
and prioritize attributes and the extent of influence of each attribute to inform the technology design
for a systematic and data-driven user-centered design. For instance, the presented case study of this
research sheds light that for the target population in the Ugandan sample size, a technology designer
should focus on reducing the smoke emission over firewood consumption as both baseline models
identify smoke emissions to be the more important attribute. Furthermore, this interpretation is also
quantified in the study with odds ratios of 1.1 for smoke emission to 0.5 for firewood consumption
in the baseline model I of Table 8. Therefore, the extent to which the smoke reduction should be
prioritized to less firewood consumption is captured.

From a policy design perspective, the method applied in this study enables policy makers to
design policies that are reflective of dominant behavioral attributes, widespread beliefs, cultural
tendencies, and supply side barriers to promote population-scale adoption of clean technologies that
are likely to improve public health and environmental impact in communities. For example, results
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of this study suggest that after a trial period, households’ intention to cook most of their principal
meals with an ICS becomes positively correlated with individual’s evaluation of choice of stove and
opinion of the neighbors’ (SN3 in follow-up model I in Table 8). One policy implication from this
observation is that after introduction of a clean technology in a region, it is important to organize
information campaigns that improve population-scale opinions about the clean technologies for an
extended period of time so that likelihood of synergic adoption increases.

Furthermore, the results of this study suggest that households’ intentions to use a clean
cookstove for cooking main meals change prior to and after a trial phase. In the Uganda study,
participants’ intentions to use an improved cookstove in the baseline were highly influenced by their
attitudes toward reducing smoke emissions and encouragement of their friends and families. While
in Honduras, prior to trying ICS, households’ attitudes toward the importance of reducing smoke
emissions influenced their intentions for using an ICS. In terms of perceived hindrances, seeking the
permission of the head of the family is likely to be the most important attribute that constrains such
intentions for the main cooks. In the follow-up studies, intentions to use the ICS were influenced by
different attributes. In Uganda, participants with a stronger attitude toward reducing firewood
consumption and those who placed more value on the experience of their neighbors were more likely
to express higher intentions for cooking with the ICS.

This study also identified challenges to using TPB to predict behavior in low-resource
communities where language, culture, and level of education can introduce biases and create
uncertainty in the recorded data. Sources of bias that could negatively influence the validity of
models were identified. In addition, the need to design of questions to minimize separation and
increase internal consistency was highlighted. During the multiple phases of data collection required
for this study, the research team was able to apply lessons learned to reduce many biases by training
surveyors and updating survey designs to be more accurate in data scarce settings.

Applying TPB as a systematic approach to analyze users’ decision-making process for adopting
clean technologies presents a comprehensive approach that highlights the technology uptake phase
for designers, implementers, and policymakers. The method provides insight to optimize design
attributes that could reasonably fulfill users’ expectations and priorities. Technology distribution
policies could also benefit from this method by holding targeted information campaigns and behavior
change communication strategies that lead users to realistic expectations of the technology
performance, as well as customer support that reflect the dominant concerns of users. One of the key
concepts of this study is that long lasting and consistent displacement of inefficient and unhealthy
traditional practices is bound with user behavior-oriented technology design, as well as continuous
policy and customer support as opposed to spontaneous and isolated practice.

An intention to adopt a technology alone does not always translate directly to the behavior due
to barriers beyond control of households, such as lack of access to affordable clean alternatives.
Future work to link measured long-term behavior to TPB attributes is needed. It is recommended
that future work identify and avoid any further sources of bias and their influence on reliability of
results and testing hypotheses. In addition, the use of TPB to inform utility functions and agent-based
models in systems engineering and decision support tools should also be explored [72,73].
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Appendix A

Appendix A.1. Survey Questions in Honduras, Baseline Study

[Intention] How many meals do you expect to cook each day with [ICS brand]?
None12345
[SN] How much do you value NGO/Government officials” opinion about using [ICS brand]?
A lot, try to comply
I respect their opinion, but it doesn’t influence me
I don’t pay attention
Iignore them
I try the opposite
[ATT] Consuming less fuelwood is:
Very important
Important
Doesn’t matter
Not important
Not important at all
[ATT] How much do you think less fire smoke is important?
Not important moderately important
I don’t know
Important
Very important
[ATT] How much do you think cooking meal with [ICS brand] changes the taste of the food?
No change a little bit
I don’t know considerably
Alot
[PBC] How difficult do you think it will be to not use your traditional stove?
Very hard
Hard
I don’t know
Easy
Very easy
[SN] How much do you value doctors” opinion about using [ICS brand]?
A lot, try to comply
I respect their opinion, but it doesn’t influence me
I don’t pay attention
Iignore them
I try the opposite
[PBC] Can you decide to use [ICS brand] or do you need to consult someone?
I can decide myself
I feel I can decide by myself
I don’t know
I prefer to consult
I need to consult
[SN] doctors opinions are:
Important and correct
Good to consider
I don’t know
Not important
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Incorrect
[ATT] How much do you think less fuelwood consumption is important?
Not important
Moderately important
I don’t know
Important
Very important
[SN] NGOs/government officials opinions are:
Important and correct
Good to consider
I don’t know
Not important
Incorrect
[SN] How much do you value the opinion of people that are important to you about your decision
on using [ICS brand]?
Very much
A little bit
I don’t know
Not particularly
I don’t care what they think
[ATT] How much do you think [ICS brand] is designed to meet your needs?
Very good designed
Its OK
I don’t know
I'm not confident it’s a good design
Its not designed based on what I need
[SN] For the people who are important to you do you think that for them its important that you adopt
[ICS brand]?
They discourage
They don’t feel good
Indifferent
They feel good
They encourage
[Intention] Do you think you will cook all of your meals with [ICS brand]?
Not at all
Not likely
Maybe
Most likely
Yes for sure
[SN] How much do you value teachers” opinion about using [ICS brand]?
A lot, try to comply
I respect their opinion, but it doesn’t influence me
I don’t pay attention
Iignore them
I try the opposite
[ATT] How much do you think cooking meal with [ICS brand] is beneficial?
Detrimental
Somewhat harmful
Neutral
Somewhat beneficial
Beneficial
[PBC] Are you confident that you can use [ICS brand]?
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Not at all
I'm not sure
I don’t know
I am confident
I'm very confident
[ATT] Spending less time for cooking is:
Very important
Important
Doesn’t matter
Not important
Not important at all
[SN] teachers opinions are:
Important and correct
Good to consider
I don’t know
Not important
Incorrect
[ATT] Emitting less smoke is:
Not important
Moderately important
I don’t know
Important
Very important
[Intention] Will you cook your principal meals mainly with the [ICS brand]?
Not at all
Not likely
Maybe
Most likely
Yes for sure
[PBC] How much do you think replacing your current stove with [ICS brand] is feasible?
Its very hard to change
It's a little hard to change current stove
I don’t know
Its easy to change current stove
Its necessary to change current stove
[PBC] How much do you think cooking meal with [ICS brand] is easy?
Very easy
Somewhat easy
I don’t know
Hard
Very hard

18 of 29

[PBC] How much do you think the time it will take to learn how to use [ICS brand] is a problem?

Not a problem at all
Could be a problem
I don’t know
Challenging
Very problematic
[ATT] How much do you value cooking your meals faster?
Not important
Moderately important
I don’t know
Important
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Very important

Appendix A.2. Survey Questions in Honduras, Follow-Up Study

[Intention] How many meals do you cook each day with [ICS brand]?
None1234
[SN] How much do you value NGO/Government officials” opinion about using [ICS brand]?
A lot, try to comply
I respect their opinion, but it doesn’t influence me
I don’t pay attention
Iignore them
I try the opposite
[ATT] Consuming less fuelwood is:
Very important
Important
Doesn’t matter
Not important
Not important at all
[PBC] When you want to cook for more people than usual, which stove is better for you?
[ICS brand] is much better
[ICS brand] is somewhat better
No difference
Traditional stove is somewhat better
Traditional stove is much better
[ATT] How much do you think cooking meal with [ICS brand] changes the taste of the food?
No change
A little bit
I don’t know
Considerably A lot
[SN] How much do you value doctors” opinion about using [ICS brand]?
A lot, try to comply
I respect their opinion, but it doesn’t influence me
I don’t pay
Attention
Iignore them
I try the opposite
[ATT] How much do you think less fire smoke is important?
Very important
Important
Doesn’t matter
Not important
Not important at all
[PBC] Is it your decision to keep using your [ICS brand] or do you need to consult someone?
I can decide myself
I feel I can decide by myself
I don’t know
I prefer to consult
I need to consult
[PBC] When you have less fuelwood than usual cooking with [ICS brand] is:
Very difficult
Difficult
I don’t know
Easy
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Very easy
[ATT] Doctors’ opinions are:
Important and correct
Good to consider
I don’t know
Not important
Incorrect
[PBC] When you have a low supply of fuelwood which cookstove is better for you?
[ICS brand] is much better
[ICS brand] is somewhat better
No difference
Traditional stove is somewhat better
Traditional stove is much better
[ATT] How much do you think less fuelwood consumption is important?
Very important
Important
Doesn’t matter
Not important
Not important at all
[SN] NGOs/government officials opinions are:
Important and correct
Good to consider
I don’t know
Not important
Incorrect
[SN] How much do you value the opinion of people that are important to you about your decision
on using [ICS brand]?
Very much
A little bit
I don’t know
Not particularly
I don’t care what they think
[ATT] How much do you think [ICS brand] is designed to meet your needs?
Very well designed
Its fine
I don’t know
It’s not the best design for my need
It’s not designed based on what I need
[SN] For the people who are important to you do you think that for them it is important that you
adopt [ICS brand]?
They discourage
They don’t feel good
Indifferent
They feel good
They encourage
[Intention] Do you think you will cook all of your meals with [ICS brand]?
Not at all
Not likely
Maybe
Most likely
Yes for sure
[SN] How much do you value teachers” opinion about using [ICS brand]?
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A lot, try to comply
I respect their opinion, but it doesn’t influence me
I don’t pay attention
Iignore them
I try the opposite
[ATT] How much do you think cooking meal with [ICS brand] is beneficial?
Detrimental
Somewhat harmful
Neutral
Somewhat beneficial
Beneficial
[PBC] Cooking a meal quickly with the [ICS brand] is:
Very difficult
Difficult I don’t know
Easy
Very easy
[ATT] Spending less time for cooking is:
Very important
Important
Doesn’t matter
Not important
Not important at all
[SN] Teachers opinions are:
Important and correct
Good to consider
I don’t know
Not important
Incorrect
[ATT] Emitting less smoke is:
Very important
Important
Doesn’t matter
Not important
Not important at all
[Intention] Do you cook your principal meals mainly with the [ICS brand]?
Never
Rarely
Sometimes
Often
Always
[PBC] When you want to cook for more people than usual, using the [ICS brand] is:
Very difficult
Difficult
I don’t know
Easy
Very easy
[SN] How much do you value other people’s experience using [ICS brand] over your experience?
Very much
A little bit
I don’t know
Not particularly
I don’t care what they think
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[PBC] When you want to cook something fast which stove is better for you?
[ICS brand] is much better
[ICS brand] is somewhat better
No difference
Traditional stove is somewhat better
Traditional stove is much better
[ATT] How much do you value cooking your meals faster?
Very important
Important
Doesn’t matter
Not important
Not important at all

Appendix A.3. Survey Questions in Uganda, Baseline Study

[Intention] How many meals do you want to cook each day with your improved cookstove?
None1234
[Intention] If you buy an improved cookstove, how likely is it to cook your principal meals with it.
Very unlikely
A little unlikely
Neutral Somewhat likely
Very likely
[ATT] How much do you agree or disagree with the following sentence: I will use an improve
cookstove more, if it looks beautiful.
Strongly disagree
Disagree
Neither agree or disagree
Agree
Strongly agree
[ATT]How much do you think cooking meals with an improved cookstove changes the fuelwood
consumption?
Burns significantly more fuelwood
Burns a little more fuelwood
No difference
Burns a little less fuel wood
Burns significantly less fuelwood
[ATT] Compared to cooking with traditional stoves, how safe or dangerous is it to use an improved
cookstove?
Improved cookstove is a lot more dangerous
Improved cookstove is a little more dangerous
No difference
Improved cookstove is a little more safe
Improved cookstove is a lot more safe
[PBC] How much do you think cooking meals with an improved cookstove is easy or hard?
It’s very hard
It’s a little difficult
No difference
It’s a little easy
It’s very easy
[ATT] What do you think about the smoke an improved cookstove emits?
Too much more than traditional stove
A little more than traditional stove
No difference
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A little less than traditional stove

Significantly less than traditional stove
[SN] How many of your friends and family use an improved cookstove themselves?

None of them

Less than 4

Between 4 to 7

between 7 to 10

More than 10 (all of them)
[SN] If you use an improved cookstove, do you think your friends and family support you or
discourage you?

Very discouraging

A little discouraging

Neither supportive or discouraging

A little supportive

Very supportive
[SN] How much do you agree or disagree with the following sentence: my friends and family expect
me to use traditional stove.

Strongly disagree

Disagree

Neither agree or disagree

Agree

Strongly agree
[PBC] Do you need to ask permission or consult with someone for using an improved cookstove?

My husband decides about it

My husband decides after consulting with me

We consult and decide together

I decide after consulting with my husband

It's completely up to me
[PBC] Overall, how easy or hard do you think it is to use an improved cookstove instead of your mud
stove/metallic charcoal stove?

Very hard

A little difficult

Neither hard nor easy

Easy

Very easy
[PBC] How much do you agree or disagree with the following sentence: I am the only person who
can decide whether to use an improved cookstove or not.

Strongly disagree

Disagree

Neither agree or disagree

Agree

Strongly agree
[Intention] How many meals do you think you will cook with the improved cookstove during each
week?

Less than 3

Between 3 to 5 meals

Between 5 to 7 meals

Between 7 to 10

More than 10 meals
[ATT] How does an improved cookstove compare to your traditional stove in general?

Much worse

Somewhat worse
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No difference
Somewhat better
Much better
[SN] How much do you value opinion of the people whom are important to you about your
cookstove?
Not at all important
Neutral Slightly important
Important
Very important
[PBC] How much are you confident that you will use an improved cookstove regularly to cook your
meals?
Very uncertain
Slightly uncertain
Neither confident nor uncertain
Slightly confident
Very confident
[ATT] Emitting less smoke is:
Very bad
A little bad
Not a problem
A little good
Very good

Appendix A.4. Survey Questions in Uganda, Follow-Up Study

[Intention] Now that we are removing sensors and you have experienced ILF woodstove, how likely
is it that you cook all your main meals with ILF woodstove?

Extremely unlikely

Unlikely

Neutral Likely

Extremely likely
[Intention] How often do you cook your main meals with your improved cookstove?

Never

Seldom

About half the time

Usually

Always
[ATT] How much do you agree or disagree with the following sentence: I will use an improved
cookstove more, if it looks beautiful.

Strongly disagree

Disagree

Neither agree or disagree

Agree

Strongly agree
[ATT] How much do you agree or disagree with the following sentence: The most important reason
that I use ILF woodstove because it uses less firewood.

Strongly disagree

Disagree

Neither agree or disagree

Agree

Strongly agree
[ATT] Compared to cooking with traditional stoves, how safe or dangerous is it to use ILF
woodstove?
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Improved cookstove is a lot more dangerous
Improved cookstove is a little more dangerous
No difference
Improved cookstove is a little more safe
Improved cookstove is a lot more safe
[PBC] How much do you think cooking meals with ILF woodstove is easy or hard?
It's very hard
It's a little difficult
No difference
It’s a little easy
It's very easy
[ATT]How much do you agree or disagree with this sentence: Less smoke emission is the most
important reason that you use improved cookstove
Strongly disagree
Disagree
Neither disagree or agree
Agree
Strongly agree
[SN]JHow many of your friends and family use an improved cookstove themselves?
None of them
Less than 4
Between 4 to 7
Between 7 to 10
More than 10 (all of them)
[SN] To what extend do you think your friends and family encourage or discourage you to cook main
meals with ILF woodstove?
Very discouraging
A little discouraging
Neither supportive or discouraging
A little supportive
Very supportive
[SN] How much do you care or don’t care about the stove type that your neighbors use?
Not at all important
A little important
Slightly important Important
Very important
[PBC] Do you need to ask permission or consult with someone for using ILF woodstove?
My husband decides about it
My husband decides after consulting with me
We consult and decide together
I decide after consulting with my husband
It’s completely up to me
[PBC] How easy or hard do you think it is to use an improved cookstove instead of your traditional
stove?
Very hard
A little difficult
Neither hard nor easy
Easy
Very easy
[PBC] How much do you agree or disagree with the following sentence: I am the only person who
can decide whether to use an improved cookstove or not.
Strongly disagree
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Disagree
Neither agree or disagree Agree
Strongly agree
[Intention] How often do you think you will use ILF woodstove in next few months to cook your
main meals?
Never
Seldom
Sometimes
Usually
Almost always
[SN] How much do you value opinion of the people whom are important to you about your
cookstove?
Not at all important
Neutral
Slightly important
Important
Very important
[PBC] How hard or easy is it to use improved cookstove instead of your traditional stove regularly?
Very hard
A little difficult
Neither hard nor easy
Somewhat easy
Very easy
[ATT] Generally what do you think about emission of less smoke?
Very bad
A little bad
Not a problem
A little good
Very good
[ATT] Less firewood burning is: What do you think about less firewood burning
Not important at all
A little important
Fairly important
Important
Very important
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