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Improved water management is an important strategy to support smallholder farming, and thus to foster food security and improved livelihoods. Within this strategy, technologies like water pumps, especially those operating on renewable energies, are key, as they are more environmentally sound and affordable alternatives. Their successful and sustained uptake is a complex process—largely dependent on the adopter and its surrounding context—usually overlooked by traditional linear technology-transfer approaches. By means of Q methodology, we explored cross-cultural discourses around the adoption of the Barsha pump (BP), a self-reliant hydro-mechanical device that does not require any external input than flowing water to operate. We administered the method to 43 (non-)farmer respondents linked to Nepali and Indonesian smallholder farming systems. We identified three relevant discourses, one of them bipolar in nature. These three groups accounted for 39, 36, and 28% of the total explained variance of our study. The first one identified BP's potential early adopters. The second discourse embodied the (stereotypical) highly dependent smallholder. The last one characterized (contrasting) views around the BP as an enabler of potential service-oriented business models to achieve wellbeing. These results reflect the need for a shift of mindset toward new ways of understanding technological change in smallholder settings. On the one side, simplistic one-size-fits-all models cannot connect to the diversity of issues and opinions as we found. On the other side, it is virtually impossible to produce tailored solutions to satisfy each of those individual realities. We propose possible adoption pathways that may lead to the exploration of innovative and adaptable business models that serve the diversity of smallholder farming needs more effectively.
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Introduction

Eradication of hunger and malnourishment is a main goal on the global agenda [Sustainable Development Goal (SDG) 2: Zero Hunger] (United Nations, 2020a; Villarreal, 2022). Achievement of this target would require the global food production to increase roughly by 50% within the next 30 years (FAO, 2017). Such a substantial growth will largely stand on the shoulders of smallholder farmers (SF) (Giordano et al., 2019), who are mostly clustered in South and Southeast Asia, and to a lesser extent in sub-Saharan Africa (Samberg et al., 2016). Appropriate interventions in this sector would not just contribute to global food security, but also (in)directly to poverty alleviation by boosting local economies (SDG 1), reduction of gender inequalities by empowering female smallholder farmers (SDG 5), and protection and promotion of farming systems biodiversity (SDG 15) (Poole, 2017; Giordano et al., 2019).

Given that limited water access is one of the main challenges that SF face, investing in water management technologies is a cornerstone strategy in the accomplishment of these SDGs (Giordano et al., 2019). In this respect, small private irrigation through diesel- and electric-pump sets is an already dominating strategy across Asia, and a steadily increasing one in sub-Saharan Africa (de Fraiture and Giordano, 2014). Spread of these conventional technologies can lead to negative environmental impacts associated with water over-abstraction and polluting emissions. Additionally, unaffordable and even inaccessible fuels and grid-electricity might render these water pumps cost-prohibitive—or ultimately inapplicable—for the poorest and most remote SF (de Fraiture and Giordano, 2014). Water pumps operating on renewable energy (e.g. solar, wind, and hydro) appear as more environmentally sound, more financially affordable, and as such more appropriate alternatives for remote, off-the-grid locations (Gopal et al., 2013). Within this category, hydro-powered pumps (HPPs) have a number of additional advantages compared to other water pumps. Hydro-powered pumps use a concentrated, widely available and predictable energy source, are more cost-effective, are mechanically less complex and more robust, and as a result are typically more efficient (Fraenkel and Thake, 2006). Still, HPPs have been largely neglected, seemingly due to the development of other forms of readily available energy (e.g. electricity, fossil fuels). Nevertheless, hydro-powered devices have regained an interesting momentum in recent times (Intriago Zambrano et al., 2019).

Many authors have studied adoption patterns and constraints of conventional water pumps in SF settings (Burney and Naylor, 2012; Getacher et al., 2013; de Fraiture and Giordano, 2014; Gebregziabher et al., 2014; Namara et al., 2014; Ali et al., 2016; Mottaleb et al., 2016; Chuchird et al., 2017; Abebe and Shewa, 2018; Mottaleb, 2018; Theis et al., 2018). Only a few have explored the adoption of renewable energy-pumps, typically scoped on solar-driven systems (Burney and Naylor, 2012; Nederstigt and Bom, 2014; Ali et al., 2016; Zhou and Abdullah, 2017; Shah et al., 2018; Theis et al., 2018; Gupta, 2019; Wong, 2019; Bastakoti et al., 2020). Similar to any other agricultural innovation, adoption of (non)conventional water pumping technologies is a complex process that largely depends on the receiver and the surrounding context (Alexander et al., 2020; Llewellyn and Brown, 2020; Olum et al., 2020). The highly heterogeneous (social and biophysical) nature of smallholder agriculture, which complicates this relationship between farmer and context further (Ruben and Pender, 2004), must be first understood in order to implement effective strategies adapted to local realities (Vanlauwe et al., 2014). Traditional technology-push approaches have generally overlooked a broader range of smallholders' decision-making variables and contextual conditions, thus resulting in discouragingly low and slow adoption rates (Röling, 2009; Giordano et al., 2019; Alexander et al., 2020; Olum et al., 2020). In general, adoption literature has widely disregarded farmers' perceptions as a crucial influencing variable in the technology uptake process (Foguesatto et al., 2020), which is the research gap we tackle in this study.

The Dutch startup company aQysta has developed a novel waterwheel-powered HPP—commercially known as the Barsha pump (BP)—which it markets as a sustainable water pumping solution for SF (aQysta, 2022). This company, headquartered in a high-income setting, has gradually introduced the pump to the Nepali and Indonesian (Sumba Island) markets through a technology-push approach (technology and contexts are explained in Section 3). This market approach has resulted in a device that is not necessarily familiar for SFs nor exactly aligned with their respective values. Potential disagreements of viewpoints may thus emerge between the manufacturer/provider and the end-users during this technology provision process.

This study, as part of a larger doctoral research at Delft University of Technology on sustainable smallholder irrigation (Intriago et al., 2018), investigates cross-cultural discourses and perceptions on the adoption of the BP—and their possible (dis)agreements—, thereby addressing the research gap mentioned above. In this respect, the key novelty of this work is the systematic analysis of SFs' perceptions from different contexts on the adoption/delivery of a novel renewable energy technology for irrigation (i.e. BP), and its implications for relevant stakeholders (e.g. manufacturers, technology providers, practitioners, researchers).

For the purpose of our study, we leveraged on the etic1 cross-cultural research approach (Buil et al., 2012; Stone et al., 2017). Through this approach, we sought to compare systematically the discourses of stakeholders linked to different regions/contexts. The etic approach requires using the same instrument to measure the phenomenon (i.e. adoption of the BP) from outside their context, thereby facilitating a comparative analysis between Nepali and Sumbanese SFs. Moreover, through the participatory nature of Q methodology (explained in detail in section 2), we analyzed the diversity of emerging viewpoints and discussed their areas of (possible) consensus and disagreements (results and discussion, sections 4 and 5). Lastly, based on those discourses, we drew possible adoption strategies that may be relevant for both manufacturers and policymakers (section 6). Our findings would be relevant for aQysta and enrich the policy and academic debates on HPP technologies and their uptake by (smallholder) farmers.



Materials and methods

Q methodology (henceforth Q) is a technique developed by William Stephenson in the 1930s to study human subjectivity (Stephenson, 1935). Q is employed to explore the different viewpoints people may have with regard to a (complex) phenomenon. It is considered a simple yet innovative adaptation of Spearman's factor analysis method. Q has a mixed qualitative-quantitative nature, hence it is sometimes referred to as a semi-quantitative method (Stenner and Rogers, 2004; Watts and Stenner, 2005a). Though initially envisaged for the field of psychology, Q has been effectively applied across a number of other disciplines such as management, nursing, human geography, tourism, and rural research (Watts and Stenner, 2012). Due to its bottom-up, culture-sensitive participatory nature, Q has been successfully applied within cross-cultural studies (Ahmed et al., 2012; Stone et al., 2017). Therefore, we deemed it suitable for our study to explore both contrasting and convergent culture-influenced perspectives on the adoption of the novel BP.

Q is executed by asking participants (P-set) to distribute a set of stimuli (Q-set)—typically, yet not limited to, written statements—across an ‘agree/disagree' (or similar) ranking scale, usually within a forced quasi-normal distribution grid (i.e. sort). The completed sort is done in accordance with each participant's perspective, therefore capturing the subjectivity regarding the topic under study. Ultimately, the processing of collected sorts allows the identification of discourses or perspectives across the P-set, commonly referred to in Q as factors (Watts and Stenner, 2012). Therefore, every time we use the term ‘factors' throughout this work, we refer to the unique discourses/viewpoints that emerge from the collected data.


Research method

Q is better understood through the four typical methodological stages, namely (1) Research design, (2) Data collection, (3) Analysis, and (4) Interpretation. The first stage relates to the definition of the research question, concourse, Q-set, P-set, and sorting grid. The second one refers to the administration of the instruments (i.e. statements, sorting grid, surveys) to the participants and subsequent collection of sorts. The third one corresponds to the analysis of collected sorts and production of factors, usually through dedicated software. The last stage implies the construction of meaningful narratives for each of the identified factors, typically by complementing rich qualitative complementary data.


Research design
 
Concourse development

We constructed the concourse based on primary and secondary data sources. The primary sources were a focus group discussion with experts from different disciplines, as well as semi-structured interviews with key local informants in each of the target study areas, both conducted in March 2019. The secondary sources consisted of documents from a literature review about the development of hydro-powered pumping technologies over time, conducted between June 2018 and June 2019 (Intriago Zambrano et al., 2019).

We processed and synthesized the concourse by the methods of categorization, thereby deleting or combining similar statements. For this process, we considered two sets of categories for statements: (1) variables that influence the adoption of water pumping technologies for smallholder irrigation (affordability; technical performance; environmental soundness; ease and convenience of installation, operation and maintenance; extension and access to information; observability and trialability; legal and institutional framework), and (2) building blocks that may shape business models around the BP (additional products and services (technical assistance, infrastructure, agricultural inputs); ownership; entrepreneurship and job-enabling conditions; involvement of external parties).



Q-set construction

As a result, we selected 38 written statements (in the English language) about elements that might influence SF adoption of the BP. This number ensured sufficient coverage of different themes of concern, yet provided a manageable amount of items. The Q-set fits within methodologically acceptable ranges (Watts and Stenner, 2012). The 38 statements were translated into the Nepali and Indonesian languages [Appendix A in Supplementary material (Intriago Zambrano, 2020)] by a parallel translation technique (Buil et al., 2012). To ensure cross-cultural calibration equivalence, we customized the data collection instruments considering elements unique to each context (Buil et al., 2012). This considered currency (Nepali rupee or Indonesian rupiah), land size (Ropani or Hectare), and local types of land tenure.



Sorting grid design

We selected a slightly leptokurtic, 9-sorting point, forced inverted quasi-normal distribution as sorting grid. It was designed with a −4 to +4, “strongly disagree” to “strongly agree” scale (Table 1). Given the exploratory nature of this research, the leptokurtic shape allowed more (nearly) neutral positions to provide more space for indifference, neutrality or doubtfulness amongst participants (Watts and Stenner, 2012).


TABLE 1 Features of the sorting grid.
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P-set sampling techniques

We sampled two groups of participants: (1) SF and (2) other relevant non-farmer (NF) stakeholders linked to smallholder farming systems [i.e. technology developers, non-profit organizations (NGOs), experts, governmental authorities. We asked NFs to sort as if they were farmers themselves. By collecting insights on how NFs perceive SFs, through the lens of their own discipline, we aimed to explore possible (mis)alignments of viewpoints.

We identified SF participants from selected communities by purposive sampling. Participants were selected based on two criteria: (a) bearing certain degree of familiarity with the BP (i.e. owning, using, having used, or having seen), and (b) posing sociodemographic diversity (e.g. gender, income, distance to main urban centers, farm conditions, etc.). We identified them with the assistance of aQysta (Nepal) and the local NGO Yayasan Komunitas Radio Max Waingapu (YKRMW) (Indonesia).

We sampled NF participants by purposive and snowball sampling, based on their degree of familiarity with the BP and Nepali/Sumbanese smallholder farming systems. We identified them by personal references, iterative internet searches, and authorship of related (non)academic literature.




Administration (data collection)

We resorted to face-to-face sorting for SF participants. It was conducted on-farm, at the respondent's household, or village (outdoors) meeting point. Lack of proper furniture and exposure to elements was occasionally challenging. The places were usually close to each other within selected farming communities. SF sorting sessions took place either collectively or individually, depending on the circumstances of each site and the number of available participants. Staff of aQysta Nepal and YKRMW, as native Nepali and Indonesian speakers, facilitated the sorting sessions. Facilitators offered four-stage assistance to participants: (1) pre-sort instructions (i.e. introduction to researchers, study aim, sorting mechanism); (2) preliminary rough sorting with the three-pile technique; (3) step-by-step sorting guidance; and, (4) on-demand clarification of instructions and statements. Each SF participant was provided with a sorting sheet (with written instructions) and the 38 printed statements alongside supporting illustrations. We offered the statements in shuffled and randomly numbered laminated paper cards (40 x 50 mm). We allowed SF participants to reallocate the cards over the distribution until they were satisfied.

We also collected two sets of complementary data to be able to further analyze sorting choices: (1) sociodemographic and farm data, through a structured survey, and (2) the reasoning about the ranking of statements and trade-offs, through an unstructured post-sort interview. The interview frequently resulted in short answers due to post-sort fatigue from the respondents. We relied on sort sheets, survey sheets and written notes to record the collected data. We took pictures of those documents, which were ultimately synchronized with an encrypted cloud storage service. Complementarily, we recorded on-site physical and social observations for triangulation purposes.

We administered Q to NF participants by the online platform Easy HtmlQ2 (Banasick, 2020). This technique allowed reaching out to an international NF audience, and could cope with the limitations of the COVID-19 global pandemic crisis (Omary et al., 2020). The platform contained the required sorting instructions and step-by-step guidance. Unlike its face-to-face counterpart, the online version relied purely on the original English-written statements. We collected complementary sociodemographic information and sorting reasoning through the platform itself.



Analysis

We analyzed the dataset of collected sorts with KADE v1.2.0 (Banasick, 2019), which was preferred over other analytical software because of its nonproprietary GNU General Public License, simple and easy-to-use graphical user interface, and cross-platform availability. Due to the exploratory nature of the study, we conducted several iterative analyses, considering three different P-set segmentations, namely SF, NF, and a SF+NF combination (SF-NF). Considering that country is usually a poor cultural proxy (Buil et al., 2012; Taras et al., 2016), we neglected per-country segmentations of the dataset, thereby allowing the factors to emerge by themselves according to the analytical methods that we describe below.


Factor extraction method

Centroid Factor Analysis (CFA) and Principal Component Analysis (PCA) usually provide roughly similar results. Their main difference lies in PCA providing the mathematically best solution, thus the one that should be numerically accepted. In contrast, because our aim is to explore the data through a judgmental, investigatory approach, we preferred CFA as the technique to extract factors in our study. PCA was still used iteratively to conduct the scree test as one of the factor retention criteria (Watts and Stenner, 2012).



Factor retention criteria

To define the number of retained factors, we explored several decision-making statistical criteria: (a) Kaiser-Guttman criterion [Eigenvalue (EV) threshold], (b) Significantly loaded sorts, (c) Humphrey's rule, (d) PCA-based scree test (Watts and Stenner, 2012), (e) Horst Centroid Factors (Hu et al., 2018), and f) Distinct statements threshold (Cammelli et al., 2019). We underpinned these criteria by looking at the highest number of significantly loaded sorts (p < 0.05) in each factor and the most distinctive sorts grouping in the respective Q maps (Yoshizawa et al., 2016). It is worth remarking that there are no “best” criteria to retain factors (Watts and Stenner, 2012): each factor selection needs to be explained specifically, as we will do below in Sections 4 and 5.



Factor rotation method

We resorted to Varimax as factor rotation method. This technique was preferred over by-hand rotation, because it maximizes the total variance explained—hence the identification of salient factors—in line with the inductive, bottom-up exploratory essence of this study (Watts and Stenner, 2012). We required the majority of common variance to load significant sorts (p < 0.05) automatically. As a result, confounded sorts were excluded from the analysis.




Interpretation and validation

We interpreted retained factors, namely respondents' viewpoints, using the holistic method of crib sheets system, as described in Watts and Stenner (2012). We split and interpreted bipolar factors whenever the respective Q maps showed a clearly opposite placing of their significantly loaded sorts (Watts and Stenner, 2012). We validated the interpretation by asking iterative feedback to the highest NF loaders of each factor via e-mail (Robbins, 2005). Though desirable, we could not validate with the highest SF loaders due to the COVID-19 pandemic mobility restrictions.





The settings of technology choice


The Barsha pump

The BP, named after “rain” in Nepali language ([image: yes]), is a waterwheel-driven manometric HPP that relies on twin planar spiral pipes to build pressure (Intriago Zambrano et al., 2019). This pump constitutes the commercial version of a device invented back in the mid-16th century (Ziegler, 1766), usually referred to as spiral or Wirtz pump (Intriago Zambrano et al., 2019). Currently, aQysta's main markets are Nepal, Malawi and Indonesia (aQysta, 2018a).

The latest version of the BP is offered in three variants, suitable for both riverine and canal settings of different depths and widths. The BP needs a mooring or anchoring mechanism to avoid the pump to be swept away. At times, it might also need some basic site preparation, such as water funneling through improvised, on-site made structures (Figure 1a). To operate, it requires a minimum input flow rate of 300 L s−1 and water speed of 1 m s−1. Depending on specific contextual conditions, the BP is capable to pump a maximum3 of 20–80 m3 d−1 (0.23–0.93 L s−1) up to 20 m of head and 1 km far, and is suitable to irrigate up to 2 ha of land. Its size is roughly 1.5 m in diameter and it weighs about 90 kg (Figure 1b) (aQysta, 2018b).


[image: Figure 1]
FIGURE 1
 The Barsha Pump. (a) Commissioned and operating in the Mbatakapidu River, Eastern Sumba. (b) Assembly before its installation.


As any other HPP of its kind, the BP works solely on the kinetic energy of the water (Intriago Zambrano et al., 2019), hence virtually posing costless operation. Its foreseen maintenance is limited to basic cleanup of the waterwheel from entangled objects, (re)adequacy of the installation site to ensure proper operation, and replacement of any damaged part.



Study areas

South and Southeast Asia are two of the most (densely) populated regions in the world (Roser et al., 2013). Despite being the largest staple producers (Ritchie and Roser, 2020) and having the largest SF share (Samberg et al., 2016), these regions also are highly food-insecure (FAO, 2019) and undernourished (Roser and Ritchie, 2013). Within this challenging setting, the BP is slowly penetrating the agricultural markets of two of the poorest and least developed SF areas in these regions: the mid-hills in Nepal (United Nations, 2020b) and the island of Sumba in Indonesia (Vel and Makambombu, 2010).


Mid-hill Nepal

Agriculture in the mid-hills region of Nepal deals with conditions that are notably complex. Albeit this region holds the vast majority of Nepali SF, Roka (2017), GC and Hall (2020), it receives much less agricultural investment than the more fertile Terai flatlands (Devkota et al., 2020; GC and Hall, 2020). The challenging topography of the mid-hills region with its associated remoteness exacerbates its SF poverty. Many farmers cultivate less than 0.50 ha, and many are actually (nearly) landless (GC and Hall, 2020). Furthermore, due to social, legal and political constraints, women SF are particularly more disadvantaged despite their substantial agricultural participation (Roka, 2017).

aQysta offers the BP in Nepal through a typically product-oriented delivery model: the farmer pays to become the owner of a BP. Nepali SFs are able to reach the technology through direct contact with aQysta Nepal or via third parties (e.g. retailers, governments, NGOs). SF usually opt for the latter, given that financial aids—installments, subsidies, micro-credits—are frequently part of the technology provision schemes.



Sumba Island

One of Indonesia's most remote islands, Sumba does have potentially profitable paddy-suitable valleys across its geography; however, these are only available to wealthier and more influential inhabitants, thereby relegating the poorest SF to dry, humble-yield hillside farmlands (Vel, 2008; Vel and Makambombu, 2009). This issue is more exacerbated in Eastern Sumba, with its predominant subsistence farming (Vel, 2008). SF, particularly from the so-called tani-class4 have the weakest access to resources throughout the island (Vel and Makambombu, 2009, 2010). From these, women, youth and ethnic minorities are the most disadvantaged (Vel and Makambombu, 2009, 2010; Nugrohowardhani, 2014).

aQysta's national Indonesian office is in Jakarta; the main BP provider in Sumba is YKRMW. The BP is offered through a service-oriented delivery model. Instead of selling the device to the farmers, the organization provides a BP-based irrigation service. YKRMW not only owns, installs, operates and maintains the BP, but also provides additional irrigation infrastructure (e.g. piping, sprinklers) to ensure that irrigation water arrives on time at the farms. Additionally, the organization offers training and technical assistance to improve farming practices. In exchange, SF pay for the service with part of the sales revenues, under the so-called pay-per-harvest business model of the EASI-Pay project (NWO, 2020).



Selected farming communities

We selected three farming communities in mid-hill Nepal (Ratamata, Manthali and Lele) and four in Sumba Island (Kalu, Mbatakapidu, Mondu Lambi and Lai Pandak). We chose them (1) because these communities are using/have used at least one BP (hence SF are exposed to the technology), and (2) accessibility for the study (e.g. distance, traveling time, remoteness) from the urban centers in mid-hill Nepal (Lalitpur) and eastern Sumba (Waingapu). Details of the selected locations are presented in Figure 2 and Table 2.


[image: Figure 2]
FIGURE 2
 Geographical locations of study sites. (a) Countries of study (dark shade): Nepal and Indonesia. Black triangles and crosshairs mark studied farming communities and main urban centers in (b) Nepal and (c) Indonesia (Sumba island), respectively.



TABLE 2 Characteristics of selected farming communities.

[image: Table 2]





Results


Data collection

We invited 30 SF participants, 18 from Nepal and 12 from Indonesia, which resulted in 7 and 12 valid collected sorts respectively (Table 3). Each sorting took roughly 40 minutes to complete. Sortings with illiterate participants, who required sustained assistance, took longer times. Reasons for dropout were: participants declining to participate (n = 3), producing unsuccessful sorts (e.g. sorting out of the grid, unfinished sorting) (n = 7), and producing invalid sorts (e.g. nonthought sorting due to inebriation) (n = 1).


TABLE 3 Characteristics of sampled SF P-set.

[image: Table 3]

Although gender balance was a P-set sampling criterion, it was not always possible to fulfill this in the field due to composition of and interaction within each farming community.

We invited 73 NF participants through e-mails, websites (contact forms), and social networks. 24 respondents produced valid sorts (Table 4). The response rate was influence by respondents not answering at all (n = 42), declining due to disagreement with the topic or the methodology (n = 2), or not answering after first contact (n = 5). It is worth noticing that none of the invited governmental representatives decided to take part in the study.


TABLE 4 Characteristics of sampled NF P-set.

[image: Table 4]

The total valid sorts [Appendix B in Supplementary material (Intriago Zambrano, 2020)] produced P-set sizes of 19 (SF), 24 (NF) and 43 (SF+NF), which in turn resulted in P-set/Q-set ratios of 0.50, 0.63 and 1.13. Both sizes and ratios are within ranges accepted by Q methodologists (Watts and Stenner, 2012). The female/male ratios of valid sorts were 0.46 (SF), 0.50 (NF) and 0.48 (SF + NF). Female farmers generally face a more limited access to resources (Poole, 2017; Giordano et al., 2019); thus, we acknowledge these slightly male-skewed ratios might pose biases and/or incompleteness of the topic under study.



Analysis

Using the factor retention criteria as shown in Table 5, we decided to retain three factors for both SF, NF, and SF-NF segments [Appendices C, D and E in Supplementary material, respectively (Intriago Zambrano, 2020)]. This choice aligns well with the retention criteria related to number of loaded sorts and Q maps (see Table 5). However, it is worth stressing that we did not rely on those criteria because of any form of superiority over others; rather, we took them as a compass that matched our experience from the respective field observations (Watts and Stenner, 2012). Our iteratively exploration of correlations between factor- and Z-scores of those segments (also accounting two- and three-factor solutions), produced only secondary insights that we decided to leave out in the analysis [Appendix F in Supplementary material (Intriago Zambrano, 2020)]. We could identify the third factor of each segment as bipolar (Figure 3), as it expressed two opposed, mirror-image perspectives across loaded sorts (Watts and Stenner, 2005b). Our three factors accounted for 39% (SF), 36% (NF) and 28% (SF-NF) of the total explained variance. The SF-NF variance might be perceived as relatively low, especially in light of the frequently accepted range of 35–40% (Watts and Stenner, 2012). A low variance is not necessarily problematic, however (Cuppen, 2010; Watts and Stenner, 2012). Although an SF-NF four-factor solution would actually have offered a higher total explained variance, we selected the three-factor one for its clearer and more consistent factor clustering (Figure 3C). Characteristics of the three factors (i.e. 1, 2, 3+, 3-) are indicated in Table 6; their raw scores can be found in Table 7.


TABLE 5 Factor retention criteria, description and results.

[image: Table 5]


[image: Figure 3]
FIGURE 3
 Q maps of (A) SF, (B) NF, (C) SF-NF. Gray diamonds, black triangles and white squares represent significantly loaded sorts of factors 1, 2, and (bipolar) 3, respectively.



TABLE 6 Factors characteristics.

[image: Table 6]


TABLE 7 Raw factor scores of SF, NF and SF-NF.

[image: Table 7]



Factors interpretation

In this section, we provide the interpretations of the three SF-NF factors, based on the analysis of factor scores (Table 7) and crib sheets [Appendix G in Supplementary material (Intriago Zambrano, 2020)], as described in Watts and Stenner (2012). Each factor's interpretation contains a first paragraph with a summary of relevant statistical and demographic information (i.e. participants who compose the group); this gives the reader a quick overview of how and who has been included in that factor. The second paragraph (and third in case of our bipolar factor 3) offers the narrative of the factor, building on the information contained in each of the crib sheets. That narrative should be understood as how an ‘ideal' respondent of certain factor would think based on those scores. Additionally, to underpin the interpretative narrative regarding the Q-set stimuli, we share the number of a statement and its factor score; i.e. (28: +4) would mean that statement number 28 was scored +4 (in accordance to Table 7).

We focused on interpreting the combined SF-NF P-set segment as it includes the total universe of respondents (both SFs and NFs), hence offering a higher diversity of potential viewpoints. Furthermore, the combination allows exploring how SF and NF hold to one another, regardless their categories of countries, roles and genders (Figures 4, 5), thereby facilitating a cross-context comparison. Figure 4 shows a Sankey diagram with the cumulative distribution of respondents across factors, regarding their country (Nepal/Indonesia), roles (SF/NF) and gender (female/male). One would perhaps initially assume that actors from the same country (left extreme of the figure) may think in a similar manner, meaning that they will (mostly) group in the same factor. However, as Figure 4 shows, actual factors' composition (right extreme of the figure) is rather heterogeneous. F1, for instance, includes (non)farmer female and male actors from both Nepal and Indonesia. Similarly, as another example, though in a much smaller group, F3+ includes participants from almost all categories.


[image: Figure 4]
FIGURE 4
 Cumulative distribution of respondents of SF-NF segment across factors (F1, F2, F3+, F3-) with respect to their countries, roles and gender. Acronyms: Nepal (NP), Indonesia (IN), female (F), male (M), non-loaded respondents (NL).
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FIGURE 5
 Noncumulative distribution of respondents of SF-NF segment across factors (F1, F2, F3+, F3-) regarding (A) country, (B) gender, (C) role. Acronyms: Nepal (NP), Indonesia (IN), female (F), male (M), non-loaded respondents (NL).


Whereas labeling of factors is common practice among Q researchers, we refrained from assigning descriptive names to the three factors. We believe that Q enables us to embrace richness and diversity of voices, thus oversimplifying that diversity in labels may actually be counterproductive to that potential of Q.


Factor 1

Factor 1 (F1) has an EV of 6.20 and explains 14% of the total variance; 19 participants are significantly loaded in this factor (nine SFs and 10 NFs) (Figure 5C). The SFs in factor 1, predominantly males of Sumbanese origin (Figures 4, 5B) form a heterogeneous group in terms of experience, age and education. Most of them belong to small households (≤ 4 people) and perceive themselves as economically poor, with farming being their only source of income. These SFs do not own BPs (the majority rent them) and work part-time with a commercial orientation in rented plots. The NFs of F1, most of them highly acquainted with the BP, are mainly (n = 6) technology developers, and further include three NGOs managers and one expert.

F1 symbolizes a consistent BP early adopter who think such adoption improves quality of life (28: +4) by saving farming labor (29: +4) and offering better overall performance than conventional water pumps (27: +1). The main strengths of the BP appear in its virtually costless operation (3: +2) and its relatively sufficient provided flow rate (24: +2) and pressure (25: +2). Although the BP might require on-site adaptations (7: 0), its (simplicity of) design would allow becoming empowered and independent actors (22: +3; 15: −3; 16: −3) who do not demand (intensive) assistance to install (10: −3; 19: +1; 20: 0), operate (12: −4; 21: +2) and maintain the BP (17: −4; 23: +1). In fact, its user-friendly features might encourage becoming BP-entrepreneurs (e.g. service providers in communities) (34: +3). Despite all these perceived advantages, however, F1 members may refrain from strongly advocating and recommending the BP (30: +1). Perhaps due to poor economic status and/or strong sense of independence, they feel skeptical about acquiring additional goods (e.g. seeds) (33: 0). They do not see local governments as enablers to access the BP (33: 0).



Factor 2

Factor 2 (F2) has an EV of 3.84 and explains 9% of the total variance. Six participants loaded significantly in this factor: one Sumbanese SF and five NFs (Figures 5A,C). The only loaded SF is a young adult, highly educated woman with low farming experience (< 1 year), who belongs to a small household (≤ 4 people). She farms with rented land and BP, and work part-time with a commercial orientation; she perceives herself as being economically poor. NFs encompass two highly BP-experienced technology developers, one NGO representative and two experts.

Ideal loaders of F2 reflect highly dependent SFs, who need external (financial) assistance to not only install (1: +4; 20: −2), operate (2: +3) and maintain the BP (17: +3), but also to grow more efficiently with it (16: +4). They see the BP as a device that does not easily integrate with natural (8: −4; 7: −1) and built environments (9: −4). This results in lower perceived BP benefits; for instance, its advantageous costless operation would not outpace its relatively high upfront cost (3: −2). They also consider the BP as less useful for profitable farming than conventional pumps (26: −3; 14: −1; 27: −1), which may also explain their interest in additional irrigation infrastructure to enhance BP benefits (4: +2). It is obvious that they would not advocate the BP (30: 0), nor would consider that it improves their quality of life (28: 0). They do not see BP-related jobs and entrepreneurship (13: 0; 11: −2) in the local communities as an attractive option, despite the BP's relative straightforwardness in commissioning and maintaining (23: +1; 19: +1). On the contrary, they would rather see another person first farming with the BP before adopting it (32: +3), preferably provided by a local actor (31: +1).



Factor 3

Factor 3 has an EV of 2.30 and explains 5% of the total variance. Ten participants loaded significantly in this bipolar factor, eight in a positive pole (F3+) and two in a negative one (F3-) (Figures 3C, 4). Both roles see the BP as extremely interesting, but in highly different modes: F3+ members prefer to use the pump as a service, whereas F3- members aim to own the pump to use it.

F3+ includes one highly educated, inexperienced (< 1 year) young-adult Sumbanese SF, and three lowly educated, well experienced (>10 years) mid-age SFs (two Nepali and one Sumbanese) (Figures 4, 5C). The young Sumbanese SF farms with commercial orientation on rented land, and considers himself as economically poor. The mid-age SFs practice subsistence farming on their own plots, and consider themselves as economically average. None of them is owner of any BP. F3+ also comprises three NGO representatives and one expert (Figures 4, 5C), all well acquainted with BP operation in SF contexts.

F3- consists of a mid-educated, mid-age male Nepali SF (Figures 4, 5) with extensive farming experience (>10 years), who belongs to a large household (≥ 10 people). He farms full-time with a strong commercial orientation in many contiguous, rented plots, which he irrigates with his own two BPs and with groundwater. He considers himself as economically average. F3- also includes one male NF who is a highly BP-experienced technology developer (Figures 4, 5).

Ideal respondents of F3+ emerge as potential users of a BP-based irrigation service rather than owners of a product (6: +4), underpinned by the preference of external actors providing goods (e.g. seeds) (33: +2) and services (e.g. irrigation technical assistance, BP operation) (15: +3; 12:0) beyond the mere sale of the BP—although they might also be reluctant to incur in associated additional expenses (5:−2). Given a perceived simplicity of installation (9: −4; 7: −1) and maintenance (23: −3), F3+ members also believe to a certain extent that other community members can benefit from BP-related employments (18:0; 11:0). There is a general distrust in local actors (e.g. governments, NGOs) (36: −3; 37: −2; 38: 0) and laws (35: −4) as facilitators of the BP; in fact, foreign stakeholders should ensure BP access (31: −2) according to F3+ members. They have opposing views about the technical performance of the BP. On the one hand, they acknowledge the advantages of the BP regarding its clean (14: +4) and costless operation (3: +2), which can turn into better profits (25: +1) compared to conventional water pumps. On the other hand, they also perceive lower water pressure (25: −2) and flow rate (24: −3) as main downsides of the BP. These views may explain that they would not require seeing other people farming first with the BP (32: −1) and that they would be cautious in recommending others its use (30: 0).

Opposed to the positive pole, idealized loaders of F3- arise as financially independent actors (2: −3) with a strong sense of ownership toward the BP (6: −4). This could be related to the BP's limited outputs, generally just enough for a single household, hence the reluctance to pool/share the BP. Their skepticism about the BP's easiness of installation (9: +3; 8: +1; 20: 0; 19: −1; 7: −1) and operation (22: −1) may lead them to prefer an external stakeholder to commission it (10: +4). They are unwilling to pay for additional goods besides the BP (4: −2), though they consider desirable to afford some services such as farming technical assistance (5: +3). These farmers appear to be interested to secure what they have instead of investing, and thus risking, in new means of production. This may explain why they do not consider local BP-related job positions (18: −4; 13: −3; 11:0) and/or entrepreneurship (34: −2) as suitable choices. They see local (non)governmental actors (37: +4; 38: +2; 36: +1) and laws (35: +3) as enablers to access the BP; logically, they are therefore inclined to receive it through a local person (31: +1). Likely, these local actors have a budget allocated for yearly agricultural programs, which farmers may see as an opportunity to benefit from. They recognize the virtually costless operation (3: +2) of the BP compared to conventional water pumps (26: +1), although they do not see any farming-labor savings by using it (29: −3). Nevertheless, they could adopt the BP without seeing it elsewhere first (32: −1), and might recommend others to use it as well (30: +1).





Discussion

Our etic cross-cultural research approach allows comparing viewpoints of different actors linked to Nepali and Sumbanese farming settings. The comparison reveals that perceived adoption of the BP is highly heterogeneous. In fact, results did not show any significantly recognizable consensus statements between the three factors. Ideas on adoption, moreover, do not consistently relate to social constructs like ‘country', ‘gender role' and ‘farming role', but are rather mixed (Figures 4, 5). This is noticeable, for instance, in the disaggregation of male Nepali SF (F1, F3+ and F3-) and female Indonesian SF (F1, F2, F3+), groups which may be otherwise thought of as ‘homogeneous' types of farmer. The discourses did not correlate either to education level, land tenure or age of the SF. None of those variables seems to explain the way participants grouped, which holds well with observations that SFs agricultural innovation is a complex process not explainable in terms of simple adoption-diffusion models (Glover et al., 2019). Indeed, SFs' discourses may actually involve even more—and more diverse—drivers than industrial farming (Paudel et al., 2019a,b, 2020; Alexander et al., 2020; Llewellyn and Brown, 2020). The results also show SFs are not a homogeneous group, but rather a category encompassing a wide range of farm and household characteristics (Fan et al., 2013; Fan and Rue, 2020). Without suggesting that cultural identities of individuals are meaningless, we would rather suggest that our results show that BP provision models cannot be simply identified as one delivery model for Nepal and another one for Sumba, for example. On the contrary, country/context, gender and roles heterogeneities may trigger the which innovative and flexible BP provision models can better satisfy the (farming) needs of those diverse backgrounds.


Factor 1

F1 brings a strong discourse similarity between (mainly) male Sumbanese SFs and Nepali NFs (both male and female). These seemingly dissimilar groups show a complementary interest in the BP as an innovative, affordable and easy to operate game changer in low-resource farming settings. Within the Nepali context, however, the NF ideas on options for using a BP is not precisely consonant with the expectation of Nepali farmers. The counterintuitive convergence between NFs from Nepal and SFs from Sumba may be explained by misalignments between technology (alongside its delivery models) and the actual aspirations of SFs in Nepal (Glover et al., 2019).

F1 groups SFs who perceive themselves as economically poor and that do not have any other sources of income than farming. Most of them are Sumbanese SFs who, unlike their Nepali counterparts—who may have more access to technologies and agents of all kinds (Paudel et al., 2019a)—do not have much presence nor choices of agricultural equipment. As such, the evident male SF majority in F1 can reflect the low empowerment position that Indonesian women still face in agricultural decision-making (Akter et al., 2017; Indrayanti and Mochtar, 2021). The pay-per-harvest business model present in Sumba directly reduces the financial and technical burden for a SF to use the BP, making the technology more accessible and affordable, and even an enabler of rural entrepreneurship (Van Loon et al., 2020). Direct and constant intervention of YKRMW as service provider would have supported BP use and likely triggered SFs in F1 to act as early adopters (Llewellyn and Brown, 2020). Nevertheless, we must keep in mind that a pilot project-driven adoption is far from being a steady and sustained BP uptake over time, which would demand a broader synergy between many other actors and processes (Woltering et al., 2019; Devkota et al., 2020; Van Loon et al., 2020).

NF loaders in F1 might see the BP as an agent of appropriate mechanization to boost agricultural production in small and fragmented farms (Sims and Kienzle, 2017; Devkota et al., 2020; Van Loon et al., 2020). Despite NF and SF loaders sharing a similar viewpoint in this factor, during our fieldwork we could not observe a particularly close contact between farmers and BP manufacturer; in Sumba, actually, we could not detect any contact whatsoever. In the Sumbanese case, the service provider seemed to take over that gap successfully—thereby developing SF into actual users of the technology—whereas in Nepal that gap turned their respective F1 loaders into mere aspiring BP users.


Factor 2

F2 is the least heterogeneous cluster, mainly loaded with Nepali, male NFs. The overarching NF ideas appear to build on the (inaccurate, as our results show) stereotypically impoverished, aid-reliant, subsistence-oriented SF (Fan and Rue, 2020; de Brauw and Bulte, 2021). Indeed, F2 members stress the limited access to resources of all kinds that has traditionally characterized SFs (Poole, 2017), and thus the inability to afford and eventually adopt the BP. As such, SFs become actors that (should) largely rely on the external aid of multiple stakeholders. Unlike F1, where limited technological choices increase the desirability of BP, F2 emerges from settings where both BP and SFs are subjected to other interactions between human and technological agents.

We observed those interactions in Nepali farming communities, in which the BP was usually ignored in favor of other pumping choices. In line with what Llewellyn and Brown (2020) suggest, these settings trigger two unfavorable conditions for F2 to adopt the BP: 1) higher upfront costs and comparatively lower performances of the BP in a market already flooded by more affordable and accessible Chinese and Indian technologies (Paudel et al., 2019a; Devkota et al., 2020), and 2) a strongly technocratic, product-oriented approach, alongside weak supply chains of spare parts and expertise (Devkota et al., 2020). Merely selling an artifact, without a proper training nor timely servicing, may severely compromise SF empowerment and education concerning the BP (Van Loon et al., 2020). In view of increasingly feminized farming settings, like Nepal, where gender-insensitive technology reinforces patriarchal roles of mechanized farming (Devkota et al., 2020; Paudel et al., 2020; Sudgen et al., 2020), the BP may even be more compromised.

The allocation of public subsidies to sustainable agricultural machinery (Poudyal et al., 2019), including the BP, may (partially) cope with higher investment required for a BP. However, given the complexity of technology adoption, this is not enough to guarantee sustained uptake, especially when certain institutional arrangements have resulted at times in misuse and ultimate ineffectiveness of subsidies (Gurung et al., 2013; Khatiwada, 2020).



Factor 3

F3, in both its positive and negative poles, is an interestingly rich group with roughly evenly distributed proportions of stakeholders in terms of gender, role and country. This diversity may be related to the opposite positions that an innovation like the BP may bring to existing farming practices and values (Curry et al., 2021).

Where F1 and F2 seem to be related to access/use (or not) of the BP through a linear technology-transfer model, F3 opens up diverging perspectives on innovative BP delivery models (Röling, 2009), including its barriers (Annarelli et al., 2016). Whereas F3+ loaders embrace the BP as an enabler of potential service-oriented business models to achieve wellbeing, F3- poses the rejection of a service-model with its focus on BP ownership. As such, F3 builds on a possible shift of paradigm from the traditional understanding of (agricultural) technology as a ‘black-box'—a troubleshooter package deployable at any site—toward the conception of a technology-centered reorganizer of farming practices, as Glover et al. (2017) discuss.

A key concern with respect to innovative business models, such as the service-based F3+ preference, is the resistance to cultural shifts of both technology producers and users (Annarelli et al., 2016), which can be exacerbated in light of possible risk-averse behavior of SFs (Senapati, 2020). These business models would also require financial and organizational arrangements beyond the mere seller-buyer relation (e.g. including policy makers, nonprofit organizations, governmental authorities, etc.) (Röling, 2009; Agrawal and Jain, 2019; Van Loon et al., 2020). Members of F3-, in contrast, show a strong sense of ownership and full exercise of property rights (i.e. use, benefit, modification, transferring) (Cherry and Pidgeon, 2018) over BP and related irrigation water. BP ownership almost became a cultural manifestation, especially for wealthier and more empowered actors, as we could gather from our field observations. This (still dominant) mode of consumption (Demyttenaere et al., 2016) does bring implicit risks and responsibilities — usually referred to as the ‘burdens of ownership' (Cherry and Pidgeon, 2018). For the BP, users may end up purchasing a device unsuitable for farm and/or (distance to) water source, as well as the responsibility of BP maintenance and repair.





Implications: Beyond adoption discourses

Each individual respondent in our Q sort represents by her/himself a unique perception on how the adoption of the BP should (not) look like. SF participants responded based on their diverse experiences and expectations. NF participants expressed their vision on what an SF is, and how she/he would (not) react toward the introduction of the BP in her/his community. It is virtually impossible for technology adoption and business models to cater for all those numberless individual realities, wickedly dependent on the interaction of both technology, adopter, and context (Montes de Oca Munguia and Llewellyn, 2020; Olum et al., 2020). With Q allowing us to identify consistent clusters of shared viewpoints, we would argue that potentially attractive one-size-fits-all models cannot satisfy each of these clusters either. There is a need to respond to this diversity, probably with a set of flexible, innovative and adaptable business models that could help in delivering a range of BP-based products and services. The range would not only satisfy (irrigation) needs, but also fulfill personal desires and culture-bound expectations. If properly designed, such wider models for the BP can become inspiration for processes of sustainable agricultural mechanization (Paudel et al., 2019a; Devkota et al., 2020), gender empowerment in increasingly feminized farming settings (Slavchevska et al., 2019; Rola-Rubzen et al., 2020; Sudgen et al., 2020), and potential reduction of inequalities through inclusive positive rural transformation (Chamberlain and Anseeuw, 2019; German et al., 2020; Kyriakarakos et al., 2020; Van Loon et al., 2020).

Designing business models that cover SF needs is beyond the scope of this paper. Nonetheless, given the discourses around the BP adoption that we discussed, we can propose possible pathways/strategies worth exploring. Using the conceptual framework of Glover et al. (2019) about technological change in SF settings, we suggest for each factor propositions and encounters from BP providers, as well as expected dispositions and responses from the prospective SF users (Table 8). These suggestions should be seen as a first outline of new ways to understand adoption of agricultural innovations, as triggers for possible novel business models required for sustainable changes in smallholder agricultural systems (Woltering et al., 2019; Kyriakarakos et al., 2020).


TABLE 8 Suggested pathways to provide the BP with respect to each factor, based on the conceptual framework of Glover et al. (2019).

[image: Table 8]

In order to develop different perspectives that still allow to be meaningfully clustered, we would argue that Q is a highly useful method. Q being a powerful technique to study human subjectivity does obviously not mean that its application in rural—and at times remote—smallholder communities is without its issues. Q has to deal as well with a number of general biases that Chambers (2017) coined as the ‘rural poverty unseen'. We acknowledge limitations of our own study with respect to spatial (farthest locations were not visited due to time constraints), personal (gender balance was difficult to achieve in some places) and seasonal (our fieldwork took place in dry seasons) biases (Chambers, 2017). Future studies, scoping toward those unexplored conditions, will surely contribute to expand our findings and discussions, thus possibly finding new, undetected discourses around SFs' technological innovation.

Researchers, let alone rural dwellers, are not highly familiarized with Q (ten Klooster et al., 2008). Q can bring curiosity and interest (Schneider et al., 2015; Nordhagen et al., 2017), but also confusion, doubts or even discomfort and stress (Hugé et al., 2016; Weldegiorgis and Ali, 2016; Truong et al., 2017, 2019). In that respect, we observed differences in the responses of Nepali and Sumbanese farmers toward Q. The former seemed more hesitant in translating their thoughts on the sort, whereas the latter showed higher engagement and usually took the initiative to sort by themselves. Either case, the required sorting times frequently ended in tiredness of the respondents. This fatigue may pose an additional source of biases due to the respondent's desire to finish the Q exercise. In these cases, collected answers could be unauthentic (e.g. random, non-thought sorting), or too short and (perhaps) eventually meaningless (e.g. during the post-sort interview), as reported in Truong et al. (2017).

Lastly, low levels of education (and occasional illiteracy) of some smallholders may directly impact the smooth administration of Q, which usually relies on written statements. Assistance and translation becomes crucial in such cases, but could lead to biased responses due to permanent intervention, long sorting times, and possibly disengagement of participants (Truong et al., 2017, 2019; Vargas et al., 2019). Although we did our best to keep these undesired effects to a minimum, we do acknowledge potentially biased responses due to the mentioned reasons. We therefore advocate a gender-balanced empowerment of local researchers regarding Q, so they become—as the ones closer to the local realities and needs of SFs—main actors in the co-production of knowledge and interventions for development.



Conclusion

By means of Q, we have explored discourses on the adoption of the BP in the different smallholder settings of mid-hill Nepal and Sumba Island, Indonesia. Inviting NFs as respondents allowed us to include the understanding of other parties regarding smallholder adoption of technology. Three unique factors—one of them bipolar—emerged from our reductionist analysis and interpretations. None of these perspectives responded directly to the country/community of respondents, nor even to variables usually addressed in literature on agricultural technology adoption (e.g. gender, age, education, land tenure). The factors we identified were highly heterogeneous in nature, concerning both discourses and composition. Some factors revealed alignments of viewpoint between apparently unrelated groups, whereas individuals from certain single groups could also split across factors.

That heterogeneity shows the complexity of smallholders' technological change. This is likely related to the wicked interaction between the (would-be) adopter, her/his context and the characteristics of the technology itself. In light of that complexity, strategies for technological adoption should not be conceived through a one-size-fits-all approach intended for a single “smallholder”category. On the other side, it would be impossible to provide countless tailor-made solutions to cater for every set of individual needs, let alone considering the diversity in smallholder farming. Systematic identification of adoption viewpoints, possibly by employing Q, offers a balanced and sensitive approach to operate on middle grounds in this respect. Q allows discovering diversities in smallholder communities while at the same time providing manageable blocks to draw possible (BP) adoption strategies.

Amongst those strategies, innovative and inclusive business models could be powerful tools to deliver technologies more effectively. These models would be able to create value for manufacturers, while better satisfying the (farming) needs of diverse SFs. Manufacturers and providers should consider that these models also require dynamic synergies between human and technological agents, beyond the traditional and shortsighted producer-user linear relationship. If properly designed, they can stimulate positive and inclusive technological agricultural transformation.
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Footnotes

1The ‘etic' and ‘emic' are the two predominant research approaches in cross-cultural research. Whereas the etic approach studies the phenomenon from outside its context, thus focusing on universal constructs and theories, the emic one does it within the specific context.

2The versions of this platform used for this study are available for some time at: https://barshapump-nepal.netlify.app and https://barshapump-indonesia.netlify.app.

3Maximum pumping specifications are traded-off, i.e. it is not possible to meet them all simultaneously.

4Emic term that refers to the lowest societal layer, which includes both farmers and unemployed/incomeless people (Vel and Makambombu, 2010).
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