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Summary 

 

This research explores the health benefits that were perceived by low-income customers using solar 

lanterns, small solar home systems (SHS) and improved cookstoves, which we refer to as off-grid products. 

The mixed-methods study combines the results of focus groups with 50 users, a survey of 782 randomly 

selected respondents and 70 follow-up interviews. The study participants were chosen to represent the 

three product categories and the clients’ geographic distribution in Uganda. 

 

We collected detailed household, social and economic data from the respondents, as well as their response 

to open-ended questions concerning the health benefits associated with each product. Benefits described 

by the respondents were catalogued according to the most common categories, such as improved eye 

health, better breathing and fewer burns, in the order in which they were mentioned. While all three products 

were widely associated with positive health benefits, SHS generated the most robust response in terms of 

the range and frequency of benefits cited.1 By ranking the benefits in the order they were cited, we observe 

that solar products are strongly associated with improvements in eye health and fewer burns, while 

cookstoves are associated with improved breathing and reduced exposure to smoke. 

  

Further, we were able to identify specific customer attributes that had a measurable effect on shaping the 

benefits that were experienced, meaning which and how many benefits were mentioned for each product. 

We found that the perceived health benefits of solar lanterns are influenced by a variety of customer 

attributes, including location, income and education, while the number of benefits is influenced by the 

respondent’s gender and the duration of ownership. For SHS, family size proved to be the only statistically 

relevant variable, with larger families citing multiple health benefits.  

 

Among the three products, cookstoves generate fewer perceived health benefits among a narrower range 

of categories. Seventy percent of cookstove users reported benefits from reduced exposure to smoke and 

fire. Using machine-learning techniques, we identified that, among the remaining 30 percent, poor, rural 

households were the least likely to mention health benefits in relationship to their cookstoves. Through 

follow-on interviews, we identified several barriers that are preventing these customers from using their 

stoves. We detail these barriers in section 7. The manufacturer has since modified the design of this stove, 

so these findings should not be generalized beyond the specific model that was in use at the time of our 

study (see Appendix 2: Product Specifications).  

 

  

                                                           
1 We refer to our description of the client response as the “benefit profile” for each product. 
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1. Background 

 

In 2014, FINCA International launched a social venture (BrightLife) that finances and distributes basic-

needs products to low-income consumers in Uganda. The first products sold were portable solar lanterns 

with a mobile phone charger, a 6-watt fixed SHS with multiple lights and a wood-burning cookstove.2 

 

After several years of operation, FINCA International decided to undertake a field study to examine the 

impact of these products on its customers, focused on the following areas: 

• perceived health impacts 

• income generation and household productivity, and 

• energy consumption and expenditures 

 

This paper describes our study methodology and presents the findings related to health. Subsequent 

papers will cover the remaining topics. 

 

2. Introduction 

 

Millions of people live without a connection to a national or regional electrical grid throughout sub-Saharan 

Africa. These households typically burn kerosene and wood to light their homes and prepare food, using 

single-wick lanterns and three-stone fires.3 Such practices are very inefficient: an unpressurized tin lamp 

produces a tiny fraction of the light (per watt of energy) that could be achieved by an LED lamp.4 They also 

drain the time and energy of the family members, especially women, who spend long hours foraging for 

wood and cleaning soot from their walls and clothing. 

 

Life in an energy-poor household is also dangerous and unhealthy. In Uganda, single-wick lanterns are 

responsible for 70 percent of fire incidents and 80 percent of burn injuries.5 Kerosene, a clear fluid often 

sold in reused glass or plastic bottles, spoils food and is accidentally ingested by children. Meanwhile, 

fuel combustion releases hundreds of pollutants into the air, including carbon monoxide, formaldehyde 

and benzene, along with a myriad of other damaging particles. The World Health Organization estimates 

that the pollution levels in a biomass-burning home can be up to 300 times worse at peak hours than a 

                                                           
2 Since then, the product line has expanded to include water filters and other solar products. 

3 As recently as 2012, up to 80 percent of households in Uganda were using kerosene lanterns. See 

Furukawa (2012) 

4 Alstone et al. (2014) 

5 Furukawa (2012). See also Lam, Nichols and Smith (2012) 
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city center in Europe.6 The resulting indoor air pollution is responsible for over four million deaths globally 

each year, while millions more suffer from poor breathing, itchy eyes and chronic respiratory disease.7 

Even the light produced by a traditional lantern is dangerous, because it is so weak and unstable that it 

leads to eye strain and poor vision.8 These burdens weigh most heavily on women and children, who 

spend more time indoors and who are exposed to prolonged, intensive contact with smoke and flames 

when cooking and studying. 

 

Connecting people to national or regional electrical grids may be the most complete solution to these 

problems, but it is (and will likely remain) too expensive for many communities. This is especially true in 

sub-Saharan Africa, where population growth is outpacing grid extension efforts. By 2030, this region is 

expected to be home to 600 of the 675 million people worldwide without electricity.9 Meanwhile, significant 

improvements in solar PV and related technologies (like LED lamps) are creating an opportunity for private 

firms to create and distribute products that provide light and can power small appliances. The promotion of 

these off-grid solutions is therefore a key strategy for mitigating the health and other negative consequences 

of entrenched energy poverty. 

 

FINCA International is engaged in last-mile distribution and end-user financing of off-grid products because 

we believe that they can improve the health, quality of life and economic wellbeing of low-income families. 

The most realistic path to scale for these solutions is through a market-based approach that is consumer-

oriented and that can harness the resources of private capital. Market-based solutions operate under the 

premise that, under the right conditions, off-grid customers have the means and willingness to pay for these 

solutions.10 

 

3. Related Studies 

 

A growing body of research is starting to examine the underlying assumptions of market-based approaches, 

while generating data and insights to help them succeed. The literature that we examined for this study 

revolves mainly around two key themes: (1) measuring the client-level impacts of off-grid solar products 

and improved cookstoves and (2) mapping the demand for off-grid products, particularly with respect to the 

circumstances, motivation and behaviors of low-income consumers. Consumer behavior is a common 

                                                           
6 World Health Organization (2006), Fuel for Life 

7 WHO Fact Sheet N°292, updated February 2016. http://www.who.int/mediacentre/factsheets/fs292/en/. 

8 UNEP, Light for Life (2014) 

9 IEA, Energy Access Outlook (2017) 

10 This market-based approach is in keeping with international initiatives such as the World Bank’s Lighting 

Global program. 

http://www.who.int/mediacentre/factsheets/fs292/en/
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factor that ties these two themes together, especially in the realm of off-grid products. Solar energy and 

improved cookstoves require users to gain new competencies (for example, properly charging a battery) 

and/or to change their daily habits (such as cooking practices) to realize the benefits that these products 

are designed to deliver. 

 

Research concerning off-grid products is still at an early stage, reflecting a mix of experimental and non- 

experimental methods, with a variety of outcomes, populations and products under study. The impact 

results from different locations and interventions are decidedly mixed. The initial view of consumers 

however, seems generally positive, even if specific benefits and cost savings are not always apparent. 

 

Randomized studies (also known as Randomized Control Trials, or RCTs) provide the most scientifically 

robust approach for measuring impact, because they are set up to strictly isolate the effects of a randomly 

assigned “treatment,” i.e. the product in question, in a way that yields an accurate prediction about its 

effects.11 By design, however, these experimental studies are highly specific to the population, the time 

frame and the product or intervention in question. The very controls that guarantee their accuracy can make 

it difficult to generalize RCT findings beyond the parameters of each study. They can also be expensive to 

implement, compared with other methods. 

 

A recent experiment in Tanzania has yielded some promising findings: Aevarsdottir et. al. (2017, 

unpublished) found that solar lanterns produced modest positive impacts across a range of indicators, 

including improved household incomes driven by increased labor force participation. They found no 

improvements in perceived safety, but did observe improved air quality, including reduced measures of 

particulate matter and overall indoor air pollution.12 In neighboring Uganda, Furukawa (2012) conducted a 

five-month randomized experiment with solar lanterns, finding modest improvements in students’ self-

reported health, especially during exam periods.13 Lam et. al (2017) found that providing households with 

three solar lanterns reduced children’s (and their parents’) exposure to harmful particulate matter by more 

than 50 percent, though the scale of the study was quite small. 

 

                                                           
11 Experimental studies, such as Alstone et al (2013), Grimm et al (2014) and Aevarsdottir (2017) are also 

useful for measuring household energy use and testing consumer uptake at different price points, but this 

topic does not fall within the scope of our present discussion. 

12 Other results include increased savings through mobile banking. 

13 Increased study time, however, did not translate into better test scores. A study in Bangladesh (Kudo et 

al, 2017) produced similarly mixed results, showing that solar lanterns increased study time (and, initially, 

school attendance, though the effect was not sustained) but found no effects on actual academic 

performance. 
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A common feature of these studies is the use of a single solar lantern as the treatment, which usually does 

not meet an entire household’s lighting needs, often within a relatively short time frame. (In addition to 

Furukawa, see Kudo et al. 2015, and Grimm et al. 2014.14 15)  

 

Longer-term studies, covering solutions that result in fuller replacement of kerosene, have found more 

compelling evidence of health impacts for solar lighting.16 

 

Duflo et al (2012) produced an influential study on the health impacts of improved cookstoves in India. In a 

four-year randomized study, they found a meaningful reduction in smoke inhalation in the first year, but 

these improvements disappeared in subsequent observations due to a lack of upkeep and declining usage 

over time. These findings illustrate the challenges of sustaining a product’s performance beyond the initial 

stage of adoption. They also show that positive results in the laboratory do not always replicate in practice 

where, as the authors put it, “behavior may temper impacts.” 

 

While robust evidence from RCTs is gradually accumulating, other researchers are describing the supply 

and demand for off-grid products through quasi- and non-experimental approaches. Uganda and 

neighboring countries are frequently the focus of these kinds of market studies, given that they are at the 

epicenter of the off-grid market. For example, Enclude, an investment and advisory firm, produced a 

comprehensive assessment of the market for off-grid lighting solutions in Uganda (Heemskerk et al., 2014) 

through a detailed market survey of nearly 900 on- and off-grid households plus 100 off-grid suppliers. The 

survey provides an abundance of detailed information on the energy usage and expenditures of Ugandan 

households, with some general information about consumer awareness and perceptions about off-grid 

solutions. Another recent study (Zollmann et al., 2017), following a completely qualitative approach, offers 

                                                           
14 Kudo Y, Shonchoy A, Takahashi K. 2015. Impacts of Solar Lanterns in Geographically Challenged 

Locations: Experimental Evidence from Bangladesh. (IDE Discussion Paper). Institute of Developing 

Economies. 

15 A First Step up the Energy Ladder? Low Cost Solar Kits and Household’s Welfare in Rural Rwanda, 

Michael Grimm, Anicet Munyehirwe, Jörg Peters and Maximiliane Sievert. 

16 Some recent studies have assessed household air pollution and health improvements associated with 

fuller transition away from biomass energy. Barron (2014) estimated that electrification caused the 

incidence of acute respiratory infections among children to fall by 35-45 percent within two years because 

of a 63 percent reduction in particulate emissions. Similarly, Lam et al. (2017) assert that the provision of 

three solar lamps per household would generate better replacement and wider usage. Their non-

experimental study found a 61 percent reduction in household air pollution in the main living space of 

households and a 79 percent reduction in the rooms of school students, with a reduction in ocular and 

respiratory symptoms after transitioning to solar lamps. 
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deep insights into the motivations and experiences of consumers using pay-as-you-go (PAYGo) solar 

solutions. These two studies suggest that the demand for off-grid products is strongly influenced by the 

perception that they offer a clean, modern way of life, even if they are more expensive in the near term. 

 

4. Research Objective and Methodology 

 

Customer Experience 

Our objective was to understand the benefits and problems that customers experience in their use of three 

off-grid products—a solar lantern with phone charging capability, a small solar home system and a 

cookstove. In describing the customer experience, we focus on the specific benefits that they mention, and 

the distribution (or concentration) of these attributes among different types of products and users. The 

customer perspective is further analyzed through the order of recall for each type of benefit, showing which 

attributes are top-of-mind to consumers versus those that are of second or third order. Finally, where 

possible, we looked for ways in which different customer profiles, such as gender and income, could explain 

the relative incidence of different benefits.17 

 

We did not measure, and make no claims about, actual health outcomes of the products in question. Our 

purpose is to portray the perceptions of our customers in as much detail as possible and, hopefully, explain 

some of the determinants of that experience. Customer perceptions do not prove impact, but they do 

describe a set of distinct benefits that users subjectively attribute to these products over time. Wherever we 

use the word impact in this paper, we are referring to these perceived benefits. 

 

Study Design18 

We started with focus group discussions involving about 50 participants representing different regions of 

Uganda. In these conversations, we asked customers to describe their experience in using these products 

and what types of benefits or problems (if any) that they perceived over time.19 Discussion themes included 

health and safety, home life, income generation, fuel usage and expenditure. This report covers the health-

related perceptions; subsequent publications will delve into the other topics.20 

 

Table 1 shows a partial list of health benefits that arose in these discussions (a full list of topics and benefits 

is provided in Appendix 3). Questions were posed in broad terms, such as did you experience any 

                                                           
17 The applicable statistical methods are explained for each type of analysis. 

18 Technical specifications for the products examined are provided in Appendix 2. 

19 Some findings from the focus groups are presented in the blog post, The Ways Solar Lamps Brighten 

Lives in Uganda (FINCA.org, 2017). https://www.finca.org/blogs/ways-solar-brighten-lives/  

20 A detailed explanation of our methodology is in Appendix 1. 

https://www.finca.org/blogs/ways-solar-brighten-lives/
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improvements to your health since using your product? And, if so, what changes did you observe? The 

focus group responses were standardized and then embedded in a quantitative survey instrument. 

 

Table 1: Partial List of Variables 

(See Appendix 3 for the full list of variables) 

 

Customer Attributes Health Benefits 

Product(s) purchased Fewer eye problems 

Length of ownership Less burns 

Gender Less toxicity/poisoning 

Age Better sleep at night 

Education level Fewer respiratory problems 

Location (urban/rural) Deterrence of rats/pests 

Marital status Better cognition/less dizziness 

Family size Other (explain) 

Number of people employed  

Source of income (economic activity)  

Sector of activity  

Business profits 

Employees working / hired 

 

 

The quantitative survey was designed to capture unprompted responses from participants. Again, questions 

were phrased in broad terms, such as did you perceive any health-related impacts? Only those who 

answered “yes” were then asked to describe any specific forms of impact they had noticed, allowing them 

to cite several attributes or none, in whatever order they came to mind. Enumerators were instructed to 

mark the corresponding response categories, without any prompting of respondents. 

 

We controlled against bias though several measures, starting with sampling, careful adherence to the 

benefit categories that arose in the qualitative phase and avoiding leading questions. We also used a 

specialized electronic data collection platform featuring real-time data quality controls, including standard 

and conditional outliers, as well as behavioral algorithms and meta-data analysis to guard against any 

influence that surveyors themselves might have had on the responses.21 

 

The survey was administered to a randomly selected sample of 782 end-users covering the relevant 

geographical and product categories. In the total sample, 11 percent of clients owned more than one 

                                                           
21 Our quality control methods are detailed in Appendix 1. 
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product. In these instances, we counted their response to each product as an observation, which raised the 

total number of observations to 867. 

 

5. Customer Profile 

 

Household Characteristics 

Basic demographic characteristics are presented in Table 2. The household size of a typical customer 

surveyed is seven (compared with Uganda’s national average of 4.7), of which a little more than three are 

children.22  Interestingly, the clients surveyed tend to be more educated than the overall national population, 

even though almost 60 percent reside in rural areas and their average age is 45. In Uganda, older people 

in rural areas are more likely to have no or little education.23 More than 55 percent of the study participants 

reported having higher than primary education, compared with about 40 percent nationwide, with around 

25 percent reporting that they have either a secondary or university degree.24 In this respect, BrightLife’s 

off-grid customers represent a specific niche within the rural market, at least as of the time of this survey. 

 

Table 2: Demographic Characteristics of Respondents 
 

No Schooling 4% Zero Children 9% 

Less than Primary 6% 1 or 2 Children 31% 

Primary 33% 3+ Children 60% 

Secondary 31% Total 100% 

Post-secondary 13% Rural 56% 

College or University 13% Urban 44% 

Total 100% Total 100% 

 

Product Ownership 

We used simple contingency tables and the Chi-Square test of association to identify customer attributes 

that had a statistically significant relationship with the choice of product. The results are presented in Table 

3, which shows very strong association with several variables, including gender, number of children, marital 

status and number of employed (p<.01). The household size was also significant, though at a lower level 

(p<.05).25 For purposes of clarity, Table 3 specifically omits other variables that did not show any level of 

                                                           
22 United Nations, Household Size and Composition Around the World 2017 

23 Uganda National Population and Housing Census, 2014 

24 Ibid. 

25 The null hypothesis is that there is no association between the customer attributes and the choice of the 

products. 

http://www.un.org/en/development/desa/population/publications/pdf/ageing/household_size_and_composition_around_the_world_2017_data_booklet.pdf
http://www.ubos.org/onlinefiles/uploads/ubos/NPHC/NPHC%202014%20FINAL%20RESULTS%20REPORT.pdf
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statistical association with the product category, such as educational level or location (urban/rural). 

 

Women are more likely to purchase a solar lantern or a cookstove, while men drive the uptake of SHS. The 

SHS costs considerably more than a lantern, so perhaps men have a greater role in more expensive 

purchases. The cookstove, however, is relatively costly, so the influence of family culture is also evident: 

women traditionally have domain over food preparation, while men are responsible for the general quality 

of the home. 

 

People who purchase off-grid products—especially SHS—are also more likely than not to be married and 

to have more children. Unsurprisingly, they also tend to have a higher number of family members that are 

employed, meaning that they have enough income to afford a relatively expensive product.26 

 

  

                                                           
26 Grimm et al (2017) 
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Table 3: Household Characteristics by Product 
 

 
Solar Lantern SHS 

Improved 

Cookstove 
Total 

Male 84 26.1% 135 58.2% 77 25.4% 296 34.1% 

Female 238 73.9% 107 41.8% 226 74.6% 571 65.9% 

χ2 (3, N=867) = 107.2, 

p<0.01 

        

HH Size = 1-3 42 13.0% 26 10.7% 44 14.5% 112 12.9% 

HH Size = 4-6 126 39.1% 75 31.0% 118 38.9% 319 36.8% 

HH Size = 7 and above 154 47.8% 141 58.3% 141 46.5% 436 50.3% 

χ 2 (6, N=867) = 13.5, 

p<0.05 

        

No children 29 9.0% 14 5.8% 34 11.2% 77 8.9% 

1 or 2 children 115 35.7% 55 22.7% 96 31.7% 266 30.7% 

3 and more children 178 55.3% 173 71.5% 173 57.1% 524 60.4% 

χ 2 (6, N=867) = 29.7, 

p<0.01 

        

Married 231 71.7% 205 84.9% 214 70.6% 650 75.0% 

Single 39 12.1% 11 4.9% 44 14.5% 94 10.8% 

Divorced/Separated 19 5.9% 10 4.4% 23 7.6% 52 6.0% 

Widow(er) 33 10.2% 16 5.8% 22 7.3% 71 8.2% 

χ 2 (12, N=867) = 39.9, 

p<0.01 

        

0 employed 2 0.6% 1 0.4% 6 2.0% 9 1.0% 

1 employed 84 26.1% 49 19.1% 85 28.1% 218 25.1% 

2 employed 183 56.8% 149 62.7% 134 44.2% 466 53.7% 

3 and more employed 53 16.5% 43 17.8% 78 25.7% 174 20.1% 

χ 2 (9, N=867) = 38.5, 

p<0.01 

        

Total number of responses 322 242 303 867 
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6. Survey Results: Health Benefits 

 

After capturing the customer profiles, the rest of the survey focused on the respondents’ experience with 

their off-grid products, covering benefits and areas of dissatisfaction. We explored several topics, covering 

categories like home and productive use, household energy sources and expenditure. A full list of topics 

and response categories is provided in Appendix 2. This paper analyzes the responses to two questions in 

particular: 

 

1) Has the product had any positive impact on the health of your family?27 

and 

2) If “yes,” please describe the improvement(s) you noticed. 

 

Answers to the first question are shown below: 

 

Table 4: Has the Product Had Any Positive Impact on the Health of Your Family? 
 

 
Solar Lantern SHS 

Improved 

Cookstove 

Yes 

No 

87% 

13% 

95% 

5% 

70% 

30% 

 

Among the three products, the SHS elicited the highest frequency of positive responses—fully 95 percent 

of customers observed some kind of health improvement—while 70 percent of cookstove owners believed 

that they experienced a positive impact. 

 

Customers who answered “yes” to the first question were then asked to describe the specific 

improvement(s) that they experienced, without being shown a list of possible answers. Interviewers were 

instructed not to prompt for any specific kind of benefits, but rather to categorize the customer’s response 

to the open-ended question. For ease of enumeration, the survey instrument included a pre-coded set of 

response categories (shown in Table 5) that had been derived previously from the focus group discussions. 

 

  

                                                           
27 In detail, the script reads: Let’s now think about you and your family members’ health change before 

and after the use of (x product). Do you think the (x product) you use has any positive impact on you and 

your family members' health? 
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Table 5: If “Yes,” Please Describe the Improvement(s) You Noticed 

(Pre-coded categories) 

 

We analyze the responses according to the number of benefits (or improvements) cited, the frequency of 

each specific attribute and the order in which it was mentioned. 

 

Table 6: Number of Benefits Cited 
 

Respondents 

who cited… 
Solar Lantern SHS 

Improved 

Cookstove 

0 impacts 13% 5% 30% 

1 impact only 38% 23% 32% 

2 impacts 25% 18% 31% 

3 impacts 14% 15% 6% 

4 impacts 7% 15% 1% 

5 impacts 3% 15% - 

6 impacts 1% 7% - 

7 impacts - 1% - 

Total 100% 100% 100% 

 

Table 6 shows the number of benefits that were mentioned for each product. For all three products, most 

respondents mentioned one or two specific attributes. Beyond that, the products diverge in interesting ways. 

Cookstove users have the most limited response, with very few people mentioning more than two benefits. 

The response to solar lanterns also trails off after two attributes, but not as drastically; nearly a quarter of 

customers still mentioned three or more attributes. By contrast, SHS generated a much wider range in the 

number of benefits mentioned. Over half of clients mentioned at least three health impacts, and nearly 40 

percent cited four impacts or more. 

 

We reckon that the number of benefits recorded for each product reflects the way that it is used in daily life. 

Fewer eye problems  

Fewer burns 

Less toxicity (smoke)/poisoning  

Sleep better at night 

Fewer respiratory problems 

Less diseases caused by rats/pests 

Better cognition/less dizziness 

Other (specify) 
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Clients cite a wide range of benefits for SHS, reflecting their use for general purpose lighting and a sense 

that a SHS is part of a healthier, more dignified lifestyle. By comparison, solar lanterns, which are more 

task-specific, generate a response that is positive but more narrowly defined. Seen this way, we are not 

surprised that cookstoves, which are the most task-constrained product, would generate the most limited 

response in the range and variety of customer benefits. At the same time, the burning of wood is common 

in poor, rural areas. As a result, more urbanized customers may have a negative view of the use of wood 

for cooking, independently of other benefits that may be delivered by the cookstove itself. 

 

The incidence of “zero” responses among some cookstove users, however, points to some usage 

challenges, particularly for certain households. (These have since been addressed by the manufacturer in 

a more recent model.) When we profiled the clients with a “no” response to cookstoves, we found that they 

were more likely to be poor and rural. To further understand the reasons behind these findings, we 

conducted follow-up interviews with those clients. These issues will be discussed in section 7. 

 

Table 7 displays the total distribution of responses across all the possible options, allowing for multiple 

answers for each respondent. For example, in the case of solar lanterns, 33 percent of the positive health 

impacts mentioned by clients fell under the category of fewer eye problems. This is not the same as saying 

that 33 percent of solar lantern users cited fewer eye problems. We focus on the total responses rather 

than the respondents because we want to get the fullest possible picture of the total client response, 

allowing for a single client to make multiple observations. 

 

Table 7: Total Benefits Cited 
 

 
Solar Lantern SHS 

Improved  

Cookstove 

Fewer eye problems 33% 24% 12% 

Fewer burns 26% 22% 30% 

Less toxicity (smoke)/poisoning 13% 16% 27% 

Sleep better at night 10% 11% 4% 

Fewer respiratory problems 8% 10% 25% 

Less diseases caused by rats/pests 6% 11% - 

Better cognition/less dizziness 2% 4% - 

Other 3% 3% 2% 

Total 100% 100% 100% 

 

Many of the perceived health benefits derive from improved air quality and the avoidance of open flame. 

Others are the result of having a brighter, more functional light, such as avoiding eye strain or better 

deterrence of pests. Like the overall frequency of response, the impact profile closely mirrors the way that 
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a product is used. For both lighting products, which (mainly) replace kerosene lanterns, the most commonly 

cited benefit is fewer eye problems. It is natural that solar lanterns would have the highest frequency of this 

response, because they are often used for close-range lighting. Also, all three products have a high 

frequency of fewer burns, since they are displacing interaction with an open flame. This is especially true 

of cookstoves, which are also strongly associated with reduced exposure to smoke and associated 

respiratory problems. This finding is encouraging in view of the widely recognized dangers of open-flame 

cooking. 

 

The range of health benefits for SHS is noticeably wider and more evenly distributed, which tracks closely 

with the results shown in Table 6. It includes better sleeping at night (also mentioned in relation to solar 

lanterns), which is an unexpected and potentially important benefit that we have not seen mentioned in any 

other study. With a wider dispersion of light, SHS are also appreciated for their deterrence of rats and other 

pests. In the next section, we will show that this benefit is primarily recognized by the lowest-income 

customers. 

 

Some specific health benefits are shown in Table 8 as they were described in the clients’ own words. These 

detailed experiences were captured through the focus group discussions conducted with more than 50 

clients prior to the survey, as well as 80 follow-up interviews. 
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Table 8: Impacts as Described in Qualitative Interviews 
 

Fewer Eye Problems 

Itchy eyes  

Red eyes 

Look like smoker’s eyes 

Tired eyes  

Swollen eyes  

Swollen eyelids  

Reddish eyelids  

Sick eyes 

Eye discharge  

Eye defects  

Teariness 

Eye pain  

Poor vision  

Blurriness 

Stress (from dimness 

and smoke)  

Can't read due to fumes 

Poor eyesight during 

the day  

Opening eyes causes pain  

Feeling of small stones 

cutting the eyes 

Feeling of dust in the eyes  

Bumps on eye lids due to 

fumes  

Children started wearing 

glasses due to poor light 

Eye defects because of 

the dim light, especially for 

children reading and 

studying by candlelight 

Stopped my children from 

reading at night because it 

would hurt their eyes 

Fewer Burns 

No chance to get burns  

No more burning hands 

(when moving lamps/candles 

from one place to another)  

Children do not get burned 

from candles/open fire 

Children used to burn 

themselves while reading or 

studying  

Hair and face would get 

burned while reading close to 

open fire  

Burns when you mishandle 

open flames 

Children used to carry lamps 

and open fire carelessly, 

burning household items and 

themselves  

Rats knocking over 

lamps/candles  

Candles/lamps burning 

mosquito nets 

Kerosene setting clothes on 

fire 

 

Less Toxicity (Smoke) / 

Poisoning 

Breathing clean air 

Kerosene lamp smoke is 

poisonous  

Kerosene lamp smoke 

poisoned family members 

Coughing and choking from 

toxic smoke  

Sleep Better at Night 

Less difficulties breathing at 

night, better sleep  

No more night coughing, better 

sleep 

No more feeling of 

suffocation at night  

Fresh air, peaceful sleep 

Clean bedding, more 

comfortable  

Cleaner mosquito nets 

No fear of house fires at night 

(some clients mention poultry 

farms) 

No tension and fear to sleep 

because of thieves 

Not sleeping with fear because 

of abasezi visits (because they 

fear the lights) 

Rats stay away from the light, 

don't bite children’s' toes and 

other body parts while sleeping  

Light reduces insect attacks 

while you sleep 

  Black soot on walls can hide 

mosquitos, which bite at night 

No need to wake-up and check 

on children (if there are pests) 

Feel safer and sleep better 

I can sleep while my kids are still 

reading and studying 

 Don't need to wake up to check 

on candles and kerosene lamps 
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Fewer Respiratory 

Problems 

Difficulties breathing  

Chest pain 

Endless coughs  

Night coughs  

Choking 

Feeling of suffocating 

Flu-like symptoms didn't 

go away  

Stuffy nose 

Stuffy throat 

Black stuff from nose 

Irritation in nose and 

throat 

Difficulties inhaling the 

bad fumes  

Soot in lungs 

Black fumes in lungs 

Lungs and walls black 

and shabby  

Black fumes can cause 

cancer 

Fumes caused my child’s 

TB disease 

Kerosene smoke causes 

cancer 

Thick black smoke from 

kerosene lantern smoke 

poisoned us  

Building smoke tunnels to 

improve ventilation in the 

kitchen 

 

Fewer Rats/Pests (disease) 

Rats  

Fear the light, avoid lit places 

Reduced rat bites, especially 

at night 

Rats no longer poison food 

Children not bitten by 

rats/pests  

No rat residue in stored food 

No more bites on the food 

(including shop-owners)  

Clean food 

Light deters rats and roaches 

Can avoid mosquitos/malaria 

No need to use poison at 

home  

Bright light scares away rats 

and avoids bites on hands 

Better Cognition/Less 

Dizziness 

  No more constant headaches 

from the fumes 

  Better, quicker learning with 

clean air and sharp light 

  No more tiredness when inside 

from the bad air 

  Feeling more active and 

energized when the air is clean 

No more dizziness from the 

fumes 

  Wake up feeling fresh and not 

dizzy 
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Table 9 lists health benefits in the order in which they were mentioned, showing which attributes are top- 

of-mind for each product. For solar lanterns, fewer eye problems, which are immediate and intense, 

receives the most mentions in the first round by a very wide margin. Fewer burns, which is not normally the 

first attribute mentioned, is the most commonly cited in both the second and third order, showing that 

customers strongly recognize this aspect of the products. Less toxicity ranks even lower as a first attribute, 

but it follows fewer burns with high ranking as a second- or third-order benefit. The order of recall for SHS 

follows a very similar pattern, with the main difference being that fewer eye problems, which is mentioned 

more frequently as the first benefit, completely disappears as an attribute after the first round. 
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Table 9: Order of Recall 
 

 1st 2nd 3rd 

Solar Lanterns Rank % Rank % Rank % 

Fewer eye problems 

Fewer burns 

Sleep better at night 

Less toxicity (smoke)/poisoning  

Fewer respiratory problems 

Better cognition/less dizziness 

Less diseases caused by rats/pests 

1 

2 

3 

4 

5 

6 

65% 

10% 

10% 

8% 

4% 

2% 

7 

1 

4 

3 

2 

6 

5 

6% 

39% 

13% 

19% 

20% 

3% 

3% 

6 

1 

4 

2 

 

5 

3 

1% 

46% 

11% 

22% 

 

3% 

13% 

SHS Rank % Rank % Rank % 

Fewer eye problems 

Fewer burns 

Sleep better at night 

Less toxicity (smoke)/poisoning  

Fewer respiratory problems 

Better cognition/less dizziness 

Less diseases caused by rats/pests 

1 

2 

3 

4 

5 

6 

73% 

7% 

6% 

5% 

5% 

3% 

 

1 

2 

3 

4 

5 

6 

 

33% 

24% 

21% 

14% 

7% 

2% 

 

1 

3 

2 

 

4 

5 

 

41% 

20% 

29% 

 

5% 

2% 

Cookstoves Rank % Rank % Rank % 

Fewer eye problems 

Fewer burns 

Sleep better at night 

Less toxicity (smoke)/poisoning  

Fewer respiratory problems 

Better cognition/less dizziness 

Less diseases caused by rats/pests 

4 

3 

 

1 

2 

 

  5 

16% 

25% 

 

28% 

25% 

 

4% 

5 

1 

4 

2 

3 

3% 

34% 

4% 

29% 

27% 

3 

1 

 

2 

14% 

66% 

 

17% 
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The customer perspective on cookstoves is very different. Less toxicity, fewer burns and fewer respiratory 

problems are the top-most benefits in all three rounds, showing a strong perception that the cookstoves are 

cleaner and safer than traditional cooking methods. Again, this finding is important because mitigating 

indoor air pollution—which contributes enormously to respiratory disease—is a primary health objective 

associated with cookstoves. If experimental studies have yet to fully capture this impact, it is at least 

encouraging that many customers themselves are observing this benefit. As we have seen, however, there 

are some cookstove customers (30 percent) who do not perceive any health benefits. An examination of 

the customer characteristics, discussed in the next section, shows that these unaffected customers are 

mostly rural households with very low income. 
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7. How Do Customer Characteristics Shape the Impact Experience? 

 

In the preceding section, we discussed the impact experience in terms of the incidence, frequency and 

order in which customers mention different health benefits for each product. In the rest of the paper, we will 

analyze these perceptions in conjunction with customer characteristics. Our aim is to identify and describe 

any customer characteristics that shape the perceived benefits for each product. 

 

Solar Lantern 

Using contingency tables and the Chi-Square test of association, we found that location, education and 

income are statistically associated with the specific health attributes for solar lanterns. Table 10 shows that 

location, in particular, has a high degree of significance (p<0.01), with notable differences between urban 

and rural households.28 

 

Table 10: Health Benefits by Location—Solar Lantern29 
 

 Urban Rural 

Fewer eye problems 40% 26% 

Fewer respiratory problems 8% 7% 

Better cognition / less dizziness 2% 2% 

Sleep better at night 10% 10% 

Less toxicity (smoke) / poisoning 11% 16% 

Fewer burns 26% 26% 

Less diseases caused by rats and 

pests 

2% 10% 

Other, not specified 1% 4% 

Total 100% 100% 

χ2 (8, N=560) = 52.77, p<0.01 

 

Although fewer eye problems is the top cited attribute for all clients, this perception is much more 

pronounced among urban households—where it comprises 40 percent of all positive responses—than 

among rural households. By contrast, fewer diseases caused by rats and pests makes a bigger part of the 

perceived benefits for rural households, along with less toxicity. We think this contrast reflects the fact that 

urban and rural households have very different living conditions and different ways of using solar lanterns. 

                                                           
28 The null hypothesis is that there is no association between the location and the distribution of impact 

attributes mentioned by the respondents. 

29 Responses by respondents are in Appendix 4. 
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Rural families battle more frequently with smoke and pests, so they are more aware of the ways that solar 

lanterns can assist them in this struggle. For their part, urban clients are using their products in closer 

proximity, with a higher sensitivity to the eye discomfort caused by fuel-based lighting. 

 

We also found a relationship between the health benefits and the income level of our respondents, as 

shown in Table 11. 

 

Table 11: Health Benefits by Income Level—Solar Lantern 
 

Monthly Income 

(in UGX) 
< 50K 

50K -

100K 

100K -

200K 

200K -

300K 

300K -

500K 

500K -

1MM 
> 1 MM 

Fewer eye problems 22% 27% 40% 31% 35% 38% 31% 

Fewer respiratory problems 13% 10% 8% 8% 6% 7% 6% 

Better cognition/less dizziness 0% 1% 0% 3% 1% 5% 2% 

Sleep better at night 4% 4% 8% 13% 12% 9% 13% 

Less toxicity (smoke)/poisoning 13% 16% 8% 12% 14% 13% 16% 

Fewer burns 27% 23% 25% 27% 29% 24% 26% 

Less diseases caused by rats/pests 18% 15% 8% 4% 2% 4% 2% 

Other, not specified 2% 4% 6% 3% 0% 1% 6% 

Total 100% 100% 100% 100% 100% 100% 100% 

χ2 (24, N=560) = 103.76, p<0.01 

 

The response by income mirrors some of the differences between urban and rural households. Fewer eye 

problems and fewer burns are common across all levels. Together, these two attributes are half or more of 

all the perceived impacts that were mentioned across all income groups. Higher-income households are 

more likely to mention sleep better at night, while deterrence of rats and pests is more marked among 

clients with incomes of 200,000 Ugandan shillings (UGX) or less, and hardly mentioned among higher-

income groups. Taking income as a proxy for overall household welfare, these responses show how clients 

in more challenged financial circumstances place a higher emphasis on basic quality of life issues 

(breathing and deterrence of pests). 

 

Finally, as shown in Table 12, we also found that the higher a client’s level of education, the more likely she 

is to associate her solar lantern with fewer eye problems (p<0.1). More highly educated respondents and 

their children may spend more time reading, which entails close and concentrated interaction with the light. 

By contrast, the perception of less diseases caused by rats and pests is clearly associated with the lowest 

level of schooling, which tracks with their location (rural) and income status (lower). At the same time, end-

users at the lowest educational level are much less likely to mention fewer burns than better-educated 

customers. 
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Table 12: Impact Attributes by Educational Level—Solar Lantern 
 

 
No 

Schooling 
< Primary Primary Secondary 

Post-

Secondary 

College 

or 

Univ. 

Fewer eye problems 21% 31% 31% 34% 37% 37% 

Fewer respiratory problems 7% 7% 8% 8% 10% 5% 

Better cognition/less dizziness 4% 2% 1% 3% 1% 3% 

Sleep better at night 21% 2% 12% 9% 9% 9% 

Less toxicity (smoke)/poisoning 21% 17% 13% 13% 10% 14% 

Fewer burns 14% 29% 26% 27% 27% 26% 

Less diseases caused by rats/pests 11% 7% 8% 5% 4% 3% 

Other, not specified 0% 5% 3% 3% 1% 3% 

total 100% 100% 100% 100% 100% 100% 

χ2 (8, N=560) = 12.4, p<0.1 

 

For our final analysis, we used machine learning algorithms (exhaustive Chi-squared automatic interaction 

detection trees, CHAID) to identify any other client attributes that had a significant relationship with the 

intensity of impact.30 We measured the intensity of impact by grouping all the owners of each product 

according to the total number of health impacts that they mentioned. The “Overall Distribution” column in 

Table 13 shows the impact intensity at an overall level for solar lanterns. Nearly half of all respondents cite 

two or more health attributes, while 38 percent cite one attribute and only 13 percent cite none. 

 

  

                                                           
30 CHAID builds non-binary trees where each non-terminal node identifies a split condition, to yield 

optimum classification of categories. The classification relies on the Chi-square test to determine the 

best split. The technique uses a pre-pruning procedure, so that a node is only split if a significance 

criterion is fulfilled based on the p values (CHAID tries to prevent overfitting right from the start, only 

splitting if there is significant association). 
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Table 13: Impact Intensity—Solar Lantern (CHAID) 
 

 

 

 

 

 

Overall 

Distribution 

Duration of Ownership Gender 

<18 mo. >18 mo. Female Male 

0 areas 13% 12% 15% 15% 7% 

1 attribute 38% 48% 26% 32% 54% 

2 or more attributes 49% 40% 59% 53% 39% 

Total 100% 100% 100% 100% 100% 

adj. p = .003 adj. p = .002 

 

Table 14 shows the results of the machine-learning procedure, which sought out any client-level attributes 

that had a statistically significant relationship with the number of impacts cited. Two strong relationships 

were found—duration of ownership and gender—with p values of .003 and .002, respectively. Clients who 

own their lanterns for less than 18 months are more likely to observe fewer health attributes, while a strong 

majority of clients who own their lanterns for more than 18 months mentioned two or more attributes. Most 

women cited two or more impacts, while men normally mentioned only one. 

 

Solar Home System 

For SHS the statistical tests failed to show any relationship among the health impact attributes and 

respondent profiling variables. As shown in Table 4, the perceived health effects of SHS are very 

widespread, with 95 percent of users mentioning at least one health improvement. The health attributes 

were mentioned in response to open-ended questions about the benefits of the product by every profile of 

respondent, with no statistical differences between them. We did, however, find one relationship between 

the intensity of impact and family size (p<0.05), as shown in Table 14. Families with three or more children 

are slightly more likely to notice two impacts or more. 

 

Table 14: Impact Intensity by Family Size—SHS 
 

 0 Impacts 1 Impact 2+ Impacts 

No children 

1 or two children 

3 and more children 

 

 

100%* no sig 

9% 

30% 

61% 

5% 

20% 

75% 

Total 100% 100% 100% 

χ2 (4, N=242) = 15.7, p<0.05 
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Cookstoves 

The tree classification procedure for cookstoves produced two related nodes—location and income, shown 

in Table 15. Most rural clients mention zero health attributes, while urban clients mention one or two. This 

result is very strong (adj. p = 0.00). Further, the household income variable has a very clear effect among 

rural clients. The vast majority of rural customers with low incomes (under UGX 300,000 per month) 

perceive no health benefits, while those with higher incomes are roughly divided among the zero, one and 

two categories. 

 

Table 15: Impact Intensity—Cookstoves 
 

 ˃˃˃ 

 

 

 

 

adj. p = .000 adj. p = .005 

 

Why would most poor, rural households perceive no health benefit from cookstoves, while higher-income 

households and those from urban areas readily cite several specific benefits? We conducted follow-up 

interviews with these no-impact customers and found that most of them are either not using the cookstove 

or are using it very infrequently.31 Table 16 provides some relevant extracts from these interviews. We 

group these issues around three main topics: product performance, fuel requirements and durability. Some 

customers perceive that the cookstove does not generate enough heat, due to its size and the fact that it 

burns fuel in small quantities. Further, this particular cookstove best accommodates small, dry pieces of 

wood, which may be hard for rural customers to come by. Moreover, it requires them to spend time chopping 

wood and tending the fire. There are also maintenance problems related to more fragile components. 

Because of these issues, the cookstove ends up being more time-consuming for the customer or, in some 

cases, does not perform at all. As a result, it falls into disuse and does not generate any kind of impact. 

 

  

                                                           
31 This finding is almost identical with Duflo’s results in India (Duflo et. al.) 

 
Cookstoves 

Overall 

Distribution 

Location 

Urban Rural 

0 attributes 30% 14% 51% 

1 attribute 32% 39% 24% 

2 attributes 31% 40% 17% 
3 or more attributes 7% 7% 8% 

Total 100% 100% 100% 

 

Income (in UGX) 

<300K >300K 

66% 30% 

18% 32% 

12% 25% 

4% 13% 

100% 100% 
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Table 16: Cookstove Feedback from Poor Rural Households 
 

Cooking Performance 

The stove can’t cook food for more than five people; it doesn't generate enough 

heat.  

The stove consumes more time since it doesn’t light well. 

The space where we put firewood is very small and this makes it hard to generate 

enough heat. 

The stove is more of a luxury product because it requires a lot of time to cook on 

this stove. 

Fuel Requirements 

I have to sit around while cooking and keep chopping the firewood while it 

cooks very slowly.  

You have to be around to keep adding wood and this makes it user-

unfriendly. 

The stove requires adding the small chopped wood all the time while cooking. 

   The stove needs very dry wood, which is not very readily available. 

Regular wood gives off heavy smoke. 

The firewood needs to be chopped to very small pieces and I don't have time for 

that. 

I can’t manage to buy dry chopped wood. 

Durability 

The fan has broken down after short use and the stove is producing a lot of 

fumes.  

Mine worked well for less than two months and then its fan got broken. 

The plastic cap got burned and the whole system got ruined. 

The plastic part on the stove gets broken, then smoke starts to be produced and 

the stove can’t cook well at all. 

The stove should be made more durable, otherwise it is too delicate for us.  

The stove started giving off smoke, though I have only used it a few times. 
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8. Conclusion 

 

Client perceptions open a window into the benefits and limitations of off-grid products from the point of view 

of the customers who use them daily. While they do not have the predictive power of a controlled 

experiment, they can give us a detailed understanding of the customer experience, which is central to both 

the value proposition of a growing venture and to the social concerns of its mission-driven stakeholders. In 

economic terms, the customer perceptions fundamentally shape the utility curve, which ultimately 

determines the demand for a product. If we want customers to adopt and use these off-grid products, 

knowing which benefits they generate, and for whom, constitutes actionable market intelligence. 

 

Each of the off-grid products we studied generates a detailed and unique impact response by customers. 

We use our data to describe this response in terms of the specific types of health benefits that are attributed 

to the product, the frequency of these responses and the order in which they are mentioned. Our data also 

allowed us to look at customer characteristics—such as gender, income and location—to see what 

influence they have on product uptake and how they might shape the perceived benefits. 

 

We summarize our findings at the product level, which allows us to synthesize the results from each mode 

of analysis. 

 

Solar Lanterns 

Women are more likely than men to purchase a solar lantern, especially when they are married, have at 

least three children and live in a household with two sources of income. Eighty-seven percent of clients 

perceive some kind of health benefit from their solar lanterns, with the majority citing one or two benefits. 

The most frequently perceived health benefit is relief from eye problems, including reduced eye strain (from 

having a brighter light) and the avoidance of smoke, which produces red, itchy eyes. Due to their usage at 

close-range, solar lanterns even out-perform SHS in these attributes. The second-most perceived benefit 

in clients’ minds is fewer burns, the result of reduced interaction with open flames. This encompasses both 

fewer direct burns on the skin and fires that can result in lost property and a burned-down house. Reduced 

exposure to toxic fumes and improved respiratory health are mentioned by 20 percent of customers, but 

typically as a second- or third-order attribute. 

 

The benefit profile for solar lanterns is strongly influenced by location (urban/rural), education and income 

level of the customer. Urban residents are much more likely to cite fewer eye problems, while rural 

customers are more likely to mention less toxicity (fumes) and the deterrence of rats and pests. This pattern 

also tracks to education: the more educated a client is, the more likely she or he will mention improved eye 

health, while the inverse is true for deterrence of rats and pests and less toxicity. Unlike the other products, 

gender and length of ownership also play an important role in shaping the impact response. Women are 
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more likely than men to notice multiple health impacts, as are customers who have owned their product for 

at least 18 months. 

 

Solar Home Systems 

The purchasers of SHS are more likely to be married men with larger families (at least three children). They 

are also likely to live in a household with at least two sources of income. Of the three products we studied, 

SHS generate the strongest sense of health impacts—fully 95 percent of respondents mention at least one 

benefit, with the majority citing anywhere from two to five impacts. The perceived health benefits are more 

evenly distributed across a wide range of attributes, including some we have not seen in other research, 

such as sleeping better at night and deterring rats. Fewer eye problems is the first response in the vast 

majority of cases (75 percent). Unlike solar lanterns, this attribute is also frequently recalled as a second 

response, along with fewer burns and sleep better at night. The health benefits of solar lanterns are not 

concentrated among any client segment, although families with three or more children are more likely to 

cite multiple impacts. 

 

Cookstoves 

Seventy percent of cookstove users cite positive impacts, especially less toxicity (fumes), fewer respiratory 

problems and fewer burns. The benefits of improved air quality (less toxicity and better breathing) are top-

of-mind for these customers. These findings are encouraging, given what is known about the health impact 

of indoor air pollution caused by traditional three-stone cooking. 

 

However, it is important to highlight that the majority of poor, rural households perceived no health benefits 

from their cookstoves. Follow-up interviews revealed that customers in this segment are struggling with 

adoption issues; as a result, they have either abandoned their cookstove or are using it infrequently. Helping 

users overcome these issues will hopefully encourage fuller adoption of the product and unleash the same 

health benefits that are perceived by urban customers. 
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Appendix 1: Research Methodology 

 

Approach 

This report presents survey data that we collected from nearly 800 BrightLife customers who had purchased 

solar lanterns, small SHS and improved cookstoves within the past three years. The variables of our field 

survey were derived from a preliminary qualitative phase, including focus group discussions with more than 

50 participants. Our objectives were to identify the specific forms of impact that our clients attribute to these 

products, to compare their relative importance and, where possible, to estimate their value in terms of time 

and money saved, improved health, etc. 

 

We think this research method yields the best understanding of the ways that customers interact with these 

types of emerging products, along with the benefits and problems they encounter. We view the use of solar 

lighting and improved cookstoves as part of a natural process—one that is best studied through a 

participatory (i.e. non-experimental) approach. The study design is iterative, with the clients guiding us 

toward a better understanding of their experience, which unfolds in the uncontrolled setting of daily life. Our 

key assumption is that clients can make reasonable estimates of the value they perceive from the products 

they are using, and that these client perceptions are useful for assessing BrightLife’s social and commercial 

performance. This “customer-driven” research methodology depends heavily on the integrity of our 

research design and the steps we took to ensure accurate, unbiased answers, as explained in this paper. 

 

We aim to capture client perceptions to a high degree of accuracy. Before constructing the survey, we 

undertook qualitative interviews with more than 50 users who were randomly selected to represent different 

product types, usage periods and locations (urban vs. rural). In these sessions, customers told us what 

attributes to measure and how to measure them. This approach generated impact variables that are derived 

from our clients’ daily experiences and meaningful within a relevant time frame.32 Using those variables, 

we constructed a survey instrument that is detailed enough to support rigorous quantitative analysis, 

including the frequency of responses and a reliable measure of their value in terms such as time and money. 

 

By design, therefore, this methodology is more likely to find attributes of impact that are most important to 

clients than most experimental studies, which often struggle to control for the underlying social factors and 

habits that shape their outcomes.33 Our clients’ ongoing interaction with these products puts them in the 

best position to inform us about the usage, benefits and limitations they experience. The downside is that 

                                                           
32 The time frame issue is particularly critical when significant changes in behavior—such as consumption 

and cooking habits—are heavily influenced by exogenous (e.g. social) factors and therefore are slow to 

manifest. See, for example, Pritchett & Sandefur (2015), Learning from Experiments When Context Matters 

33 Barrett & Carter (2010), The Power and Pitfalls of Experiments in Development Economics  

http://barrett.dyson.cornell.edu/Papers/Power_and_Pitfalls_of_Experiments_in_Development_Economics_Oct_2010_Final.pdf


Perceived Health Benefits of Off-Grid Products: Results of an End-User Survey in Uganda  
© 2018 FINCA International   33 

 

our results may be more susceptible to certain types of bias than purely observational data. The following 

section explains what steps we took to ensure that our client responses were objective and accurate. 

 

Avoiding Measurement Error 

Our principal concern is to avoid measurement error, which is the difference between the value provided 

by our respondents and the true (but unknown) value of any characteristic that we are measuring. For 

example, a client may say she spends $2 a day to charge her mobile phone, but the true amount is $1. If 

the error is a random mistake, then we are OK, because the average of answers from all respondents will 

still give an accurate value; clients who overvalue will cancel out the ones who undervalue.34 If, however, 

the response is biased (due to the phrasing of the question, for example, or the behavior of the interviewer) 

then there will be systemic (non-random) error in our data, skewing our results away from the true value. 

 

Mindful of this risk, our control efforts were targeted at four principal sources of error: (a) biased 

questionnaire design; (b) the data-collection methodology; (c) the behavior of interviewers, and; (d) 

respondent characteristics. 

 

Questionnaire Design: We started with open-ended focus group discussions and in-depth interviews with 

50 randomly selected respondents. These discussions oriented our survey around concepts and terms that 

arise naturally in the daily life of our customers. This approach ensures that the impact variables are 

meaningful and relevant in the period of our study (up to three years of usage). During the focus group 

discussions, customers identified impact areas that we had never heard of, such as using solar lanterns to 

catch white ants, which are sold as a local snack in Uganda, or to deter “night dancers” (abasezi), who 

cause mischief under cover of darkness—both of which were subsequently detected very clearly in the 

quantitative data. 

 

These types of open-ended discussions reveal the unknown characteristics of impact based on answers to 

broad questions, such as “how do BrightLife products affect your life at home?” By adhering to the contours 

of these discussions, our questionnaire is designed to be responsive to the extemporaneous perceptions 

of our respondents rather than impacts that we, as outsiders, might want to see. As a result, our survey 

instrument focuses largely on topics related to health, safety and social interaction because these areas 

were emphasized by our clients in the qualitative stage. By comparison, savings on fuel and related 

expenses were generally characterized as less important, which was later borne out in the quantitative 

analysis. 

 

  

                                                           
34 Measurement Errors in Surveys by Paul P. Biemer 
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Data-Collection Method: The means of administering a survey and the structure of the questions and 

responses can have a big influence on the outcomes. By collecting data through in-person interviews, we 

aimed to elicit a natural reaction from our participants and to avoid certain cognitive biases that arise in a 

less responsive format. For example, in web-based or paper surveys, participants will typically select from 

a list of possible answers, but the information contained in the list already anchors the response. To avoid 

this, our questions were phrased in open terms and enumerators were instructed not to prompt for answers. 

We also employed real-time machine-learning techniques to flag any surveyors who might have been 

inappropriately influencing the responses (see below). 

 

Interviewer Bias: Errors arising from the questionnaire or the data-collection method can be avoided in the 

research design. The behavior of the enumerator, however, is a more worrisome source of bias because it 

normally arises when the interviewer is far afield and beyond our direct supervision. 

 

Interviewer bias can be unintentional, such as simply misreading a question. If the client’s answer is 

inadequate for any reason, however, the surveyor might ask probing (leading) questions or add information 

that further confuses the respondent. If the location of the interview is hot and noisy—or if she or he is just 

worried about catching the last bus home—a surveyor might rush through the survey, make up answers, 

or fabricate an entire interview. 

 

The only way to control for this kind of error is to observe each and every interview. It might seem 

unthinkable, but technology gives us the means to do exactly that. The foundation for effective field 

oversight is the use of a digital platform, whereby data are captured on mobile devices and then transferred 

in (nearly) real time to a central database for analysis. This cloud-based platform gives us immediate 

visibility of the survey results, including the primary data as well as meta- and para-data, such as the speed 

and location of the interview. 

 

The digital platform enables us to immediately screen the completed surveys for anomalies. We used 

higher-class data-cleaning formulae (such as robust regressions) to detect statistical outliers, along with 

more advanced procedures (such as conditional probabilities) to identify inconsistencies between related 

data points. For example, when we asked clients to identify their monthly income category, we were able 

to normalize their response according to the size of the household (or the business) and then compare it 

against a predicted range based on other variables like the respondent’s employment status, economic 

activity, the number of working age individuals in the household and location (urban vs. rural).  These 

controls root out errors that would arise out of a misreading of the question or a miscalculation by the 

respondent. 
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We also used machine learning algorithms to identify any differences (bias) introduced specifically by the 

interviewer. This procedure considers all the survey variables, including the main survey fields and meta- 

and para-data (an example of para-data is the electronic timestamps that are generated as an enumerator 

moves through the survey). We analyzed this data using random forest and a support vector machine to 

determine if the surveyor is generating a different body of work compared with his or her peers. The analysis 

flags any enumerator who might be conducting the interview in a characteristic style—by using leading 

questions, for example—instead of following the survey guidelines. An enumerator is tagged as “separable” 

when his or her data can be identified on the basis of the interviewer ID. These behaviors are detected from 

the very first few surveys, allowing for timely intervention if needed, including re-training or replacement of 

staff whose data do not pass the screening. 

 

Respondent Bias: The respondents’ own experiences, knowledge and attitudes obviously have a strong 

influence on their answers. Some people might see the glass half-full, while others might say it is half-

empty. The key to controlling for respondent bias is to ensure that the sample is large and diverse enough 

to represent the full universe of clients and to select participants at random once the sampling methodology 

is defined. For this study, we divided the clients according to their product usage and then selected a 

representative number of respondents for each category using random sampling. We verified the location 

of each interview through GPS tracking of the interviews, which spanned all four regions of Uganda. 
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Appendix 2: Product Specifications 

 

 Sun King Pro 2 

(Solar Lantern) 

Sun King Home 60 

(SHS) 

Light 1 LED bulb with up to 160 lumens 3 LED bulbs up to 100 lumens each 

Battery 3,000 mAh, 3.3-volt, Lithium-Ferro-

Phosphate 

6,000 mAh, Lithium Ferro-Phosphate 

Panel 5.5 watts 6 watts 

Runtime 36 hours on full charge 24 hours on full charge 

Device Charging 5.5-volt USB charger 5-volt USB charger 12-volt DC outlet 

Price UGX 135,000 UGX 230,000 

Warranty 2-year 

 

 BioLite HomeStove 

(Improved Cookstove) 

Dimensions 25" x 31" 

Weight 8 kg 

Runtime 10 min. charge = 80 min. talk 

Light LED with 100 lumens 

Battery 22,000 mAh, 5-volt, Lithium-ion 

Device 

Charging 

5-volt USB charger 

Price UGX 220,000 

Warranty 1-year 
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Appendix 3: Full List of Variables 

 

Customer 

home 

location 

Customer 

demographics 

Customer business 

ownership 

BrightLife (BL) 

product related 

Impact areas 

Region Age Business sector, 

sector of economy 

BL product 

ownership 

Health 

District Gender Sales Purchase date Safety 

Ward Education Profits Mode of purchase 

(cash, loan, 

PAYGo, etc.) 

Information 

availability / 

communication 

Zone Marital status Size of the business 

(number of 

employees) 

Scope of usage 

(home, business, 

mixed) 

Daily productivity 

GPS 

coordinates 

Employment 

type 

BL product effect 

on business 

(sales, business 

size) 

BL awareness 

channels 

Business 

performance 

 Household size  Reason of 

selecting BL 

 

 Number of 

children 

(younger than 

16) 

 Satisfaction levels 

(5 scale Likert) 

 

 Number of 

people 

employed in a 

family 

 Dissatisfaction 

attributes 

 

 Household 

income by 

ranges 

 Improvement areas  

   Other distributor 

awareness, 

channels 

 

   Solar product 

needs 
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Appendix 4: Respondent Statistics 

 

Table 4.1: Respondents Mentioning Impact Attributes by Location 

 

 Urban Rural 

Fewer eye problems 79% 52% 

Fewer respiratory problems 16% 15% 

Better cognition/less dizziness 4% 4% 

Sleep better at night 20% 20% 

Less toxicity (smoke)/poisoning 22% 32% 

Fewer burns 50% 54% 

Less diseases caused by rats/pests 3% 21% 

Other, not specified 2% 8% 

 

 

Table 4.2: Respondents Mentioning Impact Attributes by Income Categories 

 

Monthly Income 

(in UGX) 
< 50K 

50K -

100K 

100K -

200K 

200K -

300K 

300K -

500K 

500K -

1MM 
> 1 MM 

Fewer eye problems 77% 77% 75% 59% 61% 67% 61% 

Fewer respiratory problems 46% 27% 14% 15% 11% 13% 11% 

Better cognition/less dizziness 0% 4% 0% 6% 2% 8% 4% 

Sleep better at night 15% 12% 14% 24% 22% 17% 25% 

Less toxicity (smoke)/poisoning 46% 46% 14% 22% 25% 23% 32% 

Fewer burns 92% 65% 46% 50% 51% 42% 50% 

Less diseases caused by rats/pests 62% 42% 14% 7% 4% 6% 4% 

Other, not specified 8% 12% 11% 6% 0% 2% 11% 
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Table 4.3 Respondents Mentioning Impact Attributes by Education Levels 

 

 
No 

Schooling 
< Primary Primary Secondary 

Post-

Secondary 

College 

or 

Univ. 

Fewer eye problems 43% 65% 58% 70% 72% 80% 

Fewer respiratory problems 14% 15% 15% 16% 19% 10% 

Better cognition/less dizziness 7% 5% 2% 5% 3% 7% 

Sleep better at night 43% 5% 22% 18% 17% 20% 

Less toxicity (smoke)/poisoning 43% 35% 25% 27% 19% 30% 

Fewer burns 29% 60% 49% 56% 53% 57% 

Less diseases caused by rats/pests 21% 15% 15% 10% 8% 7% 

Other, not specified 0% 10% 5% 5% 3% 7% 

 


