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Abstract: Investigation into the relevance and utility of bridging gaps between knowledge and
practice is necessary to justify such endeavors to public funding agencies. This study investigated
the underlying causes of the research–practice gap in the Bhutanese context with the aim to realign
the relevance of agricultural research and to enhance practice using Rogers innovation attributes on
features of Mode 2 knowledge production features. Out of 233 articles published by three agricultural
journal publishers, only 110 articles that met our criteria were included in this study. Principal
component analysis (PCA) for 23 variables yielded five variables that contributed 90% of the total
variation. The first two dimensions contained 39.34% of the total dataset inertia, which was signifi-
cantly greater than the reference value (17.19%) obtained by simulating 959 data tables of equivalent
size based on a normal distribution. Further, cluster analysis differentiated the observations into
three distinct clusters that significantly differed in their variable descriptive values. The innovation
attributes ‘complexity’ and ‘compatibility’ received the highest score, while ‘observability’ had the
lowest score. Under innovation diffusion elements, ‘time’ and ‘social system’ aspects were the least
considered, thus affecting the innovation adoption. The ‘context of application’ of innovation had
the highest score (65%), whereas ‘diffusion’ of the knowledge under transdisciplinarity received
the lowest score. Both the diversity of ‘discipline’ and ‘organization’ inclusion under heterogeneity
received the lowest score. Informal communication and social dimension received the lowest score
among the Mode 2 knowledge production variables. Bhutan followed conventional, linear, and
unidirectional approaches to research and extension diffusion systems, by which research institutions
innovate, and extension workers bring innovation to potential adopters. Bhutanese research policy
and strategy must consider reframing relevant agriculture innovation systems to keep abreast of
modern technology development.

Keywords: agriculture; research; practice gap; Bhutan

1. Introduction

Knowledge is critical for the development of individuals, communities, and societies;
we have strived for knowledge since the earliest days of civilization. The human desire
to complete a given task in a better and more efficient manner has resulted not only in
experimenting and producing more and better knowledge but also in the accumulation,
evolution, and utilization of that knowledge for the betterment of humankind. Knowledge
in ancient times, especially philosophies, was established either through experiences or
encounters, which were then conveyed from generation to generation.

Investment in knowledge production and innovation has advanced economic per-
formance and living standards. However, economic growth is also associated with envi-
ronmental damage. Therefore, today’s world faces substantial challenges that affect the
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sustainability of our food and agricultural systems due to the increase in the population
and loss of biodiversity. This calls for new modes of knowledge production to address
complex and urgent issues of global sustainability. Thus, the International Social Science
Council (ISSC) pursues research on major future global change (Future Earth: Research for
Global Sustainability) by bringing together multidisciplinary scientists and organizations
(van der Hel 2016). Likewise, agricultural research is facing enormous constraints due
to the rising cost of agricultural inputs, farm labor shortages, and the adverse impact of
climate change, thereby affecting food security and sustainability. Knowledge creation and
innovation are expensive processes that involve huge investments without assured return,
especially in complex agriculture environments. Several researchers have highlighted
growing concerns that academic research is becoming less useful for solving practical
problems, widening the connection between theory and practice (Rasmussen et al. 2018;
Van De Ven and Johnson 2006).

Expenditure on research has shown substantial positive impact on the number of
publications but not on practice (Whalley and Hicks 2013). While it makes sense for the
larger economies of the world to go beyond applied and adaptive research, it is critical for
both developed and developing economies to maintain the balance between knowledge
(innovation) creation and its application in the field to maximize return on the investment.

This maintenance of a greater balance between knowledge generation and application
requires comprehensive background information on innovation in a specific context that is
complex and multidimensional, which requires transdisciplinary competencies. In other
words, the developmental process for innovation requires a highly competent team of
experts from different disciplines to make the process beneficial and rewarding. However,
innovation is central to achieving food security, ameliorating the adverse impact of climate
change, and the sustainable management of natural resources. Consequently, researchers,
policymakers, and funding agencies emphasize the need for robust innovation systems to
scale up innovation that is not only viable economically but also sustainable environmentally.

Priorities for knowledge production change depending on the need, capacity, and
availability of resources. The journey from knowledge to wisdom (Shrum and Macdonald
1985) is far from reach, and the gap keeps widening. Human intellectual temptations,
desires for knowledge, and exploitation of nature for economic gains have become suicidal
and disastrous, disrupting ecosystem balance and its critical functions. About 1.739 trillion
USD (2.2% world GDP) is spent on space and defense research annually, of which the United
States alone spends over 600 billion (Stockholm International Peace Research Institute
2018). Meanwhile, children in sub-Saharan Africa and South Asia suffer from hunger,
malnutrition, and poverty (Webb et al. 2018). The Food and Agriculture Organization
estimates that about 821 million people globally currently suffer from malnutrition, and
90% of farmers, who currently produce the food to feed the 7.8-billion-strong population,
suffer from poverty themselves. Projections show that world food production must rise by
70 percent to feed the projected world population of 10 billion by 2050 (FAO 2018).

Although research in Bhutanese agriculture claims to significantly contribute to the
development of the national economy, it is imperative that the research product remain
meaningful, socially relevant, and practical. Quite often, knowledge in one situation
becomes irrelevant or less relevant in another context due to differences in social, envi-
ronmental, and cultural setup. A typical case is the citrus fruit-fly (Bactocera minax) and
Asia citrus psyllid (Diaphorina citri) control program, which used pesticides. While these
programs significantly controlled these citrus insect pests, the methods were inconsiderate
of Buddhist sentiments. Therefore, many of the Bhutanese growers were not keen on the
spray program. In this sense, innovation without socio-economic and cultural consideration
tends to only result in short-term outputs with intangible economic benefits, thereby failing
to justify public funding. Such disparities between existing knowledge and actual field
adoption create a gap between research and practice, throwing into question the relevance
of research.
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The productivity and efficiency of agriculture research remain at the forefront of
concern for many national and international decision-makers. Research organizations
continuously generate innovative technology for farmers to adopt. Bhutan initiated an
agriculture research system in the 1960s with the establishment of Centers for Agricultural
Research and Development (CARD). Currently, four regional Agricultural Research and
Development Centers (ARDCs) in different agro-climatic zones, namely, ARDC Wengkhar
(east), ARDC Bajo (West Central Region), ARDC Yusipang (West), and ARDC Bhur (South)
cater to the needs and aspirations of their regional clients (Dearing 2009). Most of the
available agricultural innovations in Bhutan appear to be obsolete in the current context, as
problems and opportunities in field situations are highly volatile, uncertain, complex, and
ambiguous. For example, several released crop varieties (cereals, vegetables, and fruits)
for commercial cultivation that were approved as innovations by the Technology Release
Committee (TRC) of the Bhutan Department of Agriculture appear obsolete in the current
context. Despite the huge cost incurred in the development and identification of these
innovations, centers also spend resources on the maintenance of released technologies.
Such innovation needs further assessment in the current context.

The development and adaptation of innovation in a complex environment system
requires consideration of several factors at the various levels of its developmental phases.
The long-term sustainability of an institution or organization (either private or public)
depends on the generation of innovation that is not only economically viable but also
advantageous over the existing technologies while sitting within the existing social context
and policy framework (Brinkerhoff and Goldsmith 1992). However, such practices are more
appropriately applied to the private sectors, companies in developed countries lacked a
formalized process to guide innovation (Alon and Elron 2015; Neese 2017). Similarly, the
research findings, inventions, or innovations developed by the universities and research
organizations lack comprehensive packages or guides to develop innovations that are
contextualized and situation-driven, thus leading to a wider gap between knowledge in
stock and actual applications. Often, this is because a given generation of innovations is
focused on a specific, singular stage of the value chain rather than considering them across
all development phases (Vanclay et al. 2013).

1.1. Innovation Adoption and Attributes

Contextual and contemporary innovations remain relevant to a specific area during
their stipulated period. The limited focus on their long-term relevance, dynamism, and
client perceptions and aspirations make innovations less productive. The traditional disci-
plinary research has narrowed and deepened specializations, making research less relevant
to outsiders or society (Krishnan 2009). The innovation generation process (knowledge
production mode), innovation attributes, and elements of innovation diffusion directly
affect the adoption of an innovation (Rogers et al. 2014). Also, the characteristics of potential
adopters such as knowledge, perceptions, and attitudes, as well as external environmental
factors, affect adoption decision-making processes (Meijer et al. 2015). In fact, inadequate at-
tention paid to the end-user characteristics and the interactions between different variables
influences adoptions (Kristian Häggman 2009).

Although several studies have used frameworks for adoption study, there lacks a
consistent definition and precise measurement of the constructs (Wisdom et al. 2014). Little
is known, however, about the factors related to decisions to adopt innovations and how the
likelihood of adoption of innovations can be increased with social relevance. Innovation
adoption requires building trust and acceptance among the stakeholders involved. This
trust between the stakeholders and acceptance of the innovation generated demands
involvement of the end-user right from the initial stage of innovation development (Tress
et al. 2005). In fact, researchers and policymakers contend that social capital and stakeholder
management ability are associated with performance (Andrews and Brewer 2013). A
paradigm shift from the traditional mode of knowledge production (Mode 1) to ‘Mode
2’—mode of knowledge production—is emphasized for research and societal relevance
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(Newig et al. 2019). Emphasis on moving away from traditional scientific evidential criteria
towards actual practice environments would produce more relevant and actionable research
tailored to practice in the context of application (Rasmussen et al. 2018).

1.2. Knowledge Production

Knowledge plays a significant role in today’s world economy. The practicality and
application of knowledge in context and the shift of knowledge production from Mode 1
(classical/traditional university conventional form) to Mode 2 (knowledge production in
the context of application) has gained attention over the past two decades. Knowledge
of technology and process can be best applied only when all associated factors, including
social, political, economic, and physical contexts, are well considered. Along with labor and
capital, knowledge is now considered as one of the main factors of production (Alekseevna
2014). The Organization for Economic Co-Operation and Development (OECD) estimated
that more than 50 percent of gross domestic product (GDP) is knowledge-based (OECD
1996). While theoretical broadening of the knowledge base must continue, it is imperative
that practical application and the realization of change and impact for the society are set
as the priority. Engagement with the impacts of knowledge generated through research
systems remains highly fragmented, scattered, and often difficult to access.

1.3. Mode 1 Knowledge Production

‘Mode 1’ knowledge production refers to the conventional form of knowledge pro-
duction, in which the focus is on scientific discovery, and the problems are defined by the
scientific community in an academic context outside of the context of practice (Frost and
Osterloh 2003). Usually, this mode of knowledge production results in the publication of
scientific journal articles or conference presentations to homogeneous groups of the scien-
tific community based on discipline. The ‘Mode 1’ approach to knowledge production is
usually prescriptive and very rarely open for discussion within the community, other than
for one’s own discipline or interests, and the main objective is to advance one’s academic
career or obtain scholarly endorsement (Frost and Osterloh 2003).

1.4. Mode 2 Knowledge Production

The idea of ‘Mode 2’ knowledge production was first discussed by Gibbons et al.
(1994). This mode of knowledge production defines the context of application, involv-
ing both academicians and practitioners. In contrast to ‘Mode 1’, it is transdisciplinary
and involves specialists from different fields to work on and solve the problems from
different angles (Frost and Osterloh 2003). Unlike the conventional ‘Mode 1’, knowledge
production occurs in various organizations (universities, government agencies, research
centres, high-tech companies, consultancies, etc.) that lead to heterogeneous adoptions
and practices. Additionally, the Mode 2 process involves dialogue and offers opportunities
to incorporate multiple opinions (reflexivity). The problems are democratically defined
in collaboration with end-users and involve other specialist stakeholders. Knowledge
validation occurs through use and impact assessment in the economic, political, social, and
cultural spheres in addition to traditional peer review systems (Hessels and van Lente 2008;
Nowotny et al. 2003).

1.5. Mode 3 Knowledge Production

The Mode 2 knowledge production concept has gained popularity with contemporary
science practice. However, it suffers from several conceptual issues, requiring investigation
of its constitutive claims (Hessels and van Lente 2008). Nevertheless, Mode 2 knowledge
production constitutive claims such as social accountability, context, transdisciplinary, prob-
lem orientation, reflexivity, and practice focus have emerged as the extra-scientific criteria
to determine priority for research and funding. Thus, the concept of Mode 3 knowledge
production emerged to integrate the principle of knowledge production and application
with quality assurance (Carayannis et al. 2016). The classical knowledge-based economies
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are mostly market-driven and do not recognize natural resources and sustainability. Several
helix innovation models emerged, as the understanding of knowledge production transi-
tioned to include environment and ecology in addition to economy, society, and democracy
(Harkins and Kubik 2006).

According to the relational model of social institutions, each constituent element of a
social network is made up of several types of interlocking networks among the actors of
various social relations and role systems. Unpacking of this social phenomenon is critical to
changing the way one perceives individuals, actions, cultures, and entire social processes
(Mohr and White 2008).

1.6. Problem Statement and Research Questions

Across the globe, public funding agencies have been called upon to demonstrate
scientific and societal impact. Research institutions often face difficulties in securing public
funds, subsequently affecting the generation of innovation. Research organizations have
both an obligation as well an interest to report the richness and variety of social and
economic benefits that result from investment in the research.

Lack of transparency and accountability for public resources meant to bring about
societal benefits has led to a questioning of public funds expenditure on research. Tech-
nology on the shelf remains only partially adopted and not much impact (developments)
has been realized, because complex research issues were often addressed with a linear
reductionist approach. Single-disciplinary problem-solving approaches were too narrow
and often inconsistent with the problem phenomenon in field situations, leading to doubts
about research relevance, poor adoption, and accountability. Mode 2 knowledge produc-
tion features, although critiqued over the past two decades, enhance not just the societal
relevance of research, but also accountability for public funding.

Studies on innovation adoption in diverse disciplines have used the popular Rogers
innovation diffusion theory (Rogers et al. 2014) to synthesize and gauge the efficiency
of innovation adoption for over 30 years (Dearing 2009; Kapoor et al. 2013, 2014; Sahin
2006). Although, to a certain extent, Rogers innovation attributes overlap with the Mode 2
knowledge production process, many of the constitutive features that enhance the social
relevance, reflexivity, embeddedness, accountability, and complexity of innovations remain
unaddressed and understudied. This issue of non-adoption of innovation in the Bhutanese
context was studied from two dimensions: the innovation generation process (mode of
knowledge production) and the nature of the innovation (innovation attributes).

Bhutan’s innovation and research development receives less priority due to its lack of
guaranteed return and long duration. For example, less than 5% of the annual budget outlay
for the Agriculture Research & Development Center (ARDC) at Bajo is for research and
innovation (ARED-DoA Bhutan 2021; Bhutan National Council 2014). In fact, agriculture
research receives about 0.7% of agricultural gross domestic product (GDP), which is much
less than the international standard1 (Christensen et al. 2012).

Therefore, this study explored agriculture research in Bhutan by applying Mode 2
knowledge production features to our selected articles and by evaluating innovation
attributes and innovation diffusion elements to identify the gap that affects the adoption of
an innovation. The specific research goals this study established were as follows:

1. Identify the research and adoption factors that contributed to the research–practice
gap in the Bhutanese agricultural context over the past two decades

2. Identify the topical divides among public research institutes (PRIs) against the com-
mon vision of narrowing the research–practice gap.

3. Identify the way forward for PRIs to enhance societal relevance and accountability
and sustain agriculture research and innovation.

2. Methodology

Setting research priority frameworks and agendas must incorporate social dimensions
and accountability from conception to implementation and impact engagement. The
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relevance of research to generate technology depends on the types of technology generated
and its development process (knowledge production). More importantly, low innovation
adoption occurs when the technology generated is not what farmers want or if they are
unaware of existing technologies. User acceptance and confidence are crucial for the
development of innovation, and the involvement of the user in the development system
enhances technological adoption (Taherdoost 2018). Both Rogers innovation attributes and
Mode 2 knowledge production features were deployed to assess and synthesize existing
agriculture technological interventions.

Enhanced adoption occurs when the innovation generated remains relevant to end-
users. Innovation relevancy improves when the innovation processes engage all relevant
stakeholders from across backgrounds during the knowledge production process. As many
as 27 innovation attributes have been identified to influence adoption (Chor et al. 2015;
Tornatzky and Klein 1982); however, in the first part of this study, we used Rogers five
attributes, i.e., relative advantage, compatibility, complexity, trialability, and observability,
and four innovation diffusion elements, i.e., time, social systems, innovativeness, and com-
munication channels, to assess the usefulness of the innovation generated. The second part
of this study deployed (Coghlan 2014) Mode 2 knowledge production dimensions, namely,
context of application, transdisciplinarity, heterogeneity, communication channels, quality
control systems, and social accountability. Under transdisciplinarity, we identified three
areas: problem-solving effort, knowledge acquired, and diffusion. We included disciplinary
heterogeneity and organizational diversity under heterogeneity, while communication
channels consisted of formal (academic) and non-formal (non-academic) publications that
engaged stakeholders in the research process across the project period. Cognitive and social
dimensions were used for quality control assessment, whereas result interpretation, diffu-
sion, problem definition, and priority were the dimensions considered for the assessment of
social accountability. A detailed description of the features and their variables is presented
in Table 1.

Table 1. Description of variable score.

Variables Variable
Category 1 (Never) 2 (Occasionally) 3 (Often) 4 (Usually) 5 (Always) Explanation

Relative
advantage (RA) Not at all Some what Fairly Highly Extremely

The degree to which an
innovation is perceived as
being better than the idea
it supersedes

Compatibility Not at all Some what Fairly Highly Extremely

The degree to which an
innovation is perceived as
consistent with the
existing values, past
experiences, and needs of
potential adopters

Complexity Not at all Some what Fairly Highly Extremely

The degree to which an
innovation is perceived as
relatively difficult to
understand and use

Trialabliity Not at all Some what Fairly Highly Extremely

The degree to which an
innovation may be
experimented with on a
limited basis

Observability Not at all Some what Fairly Highly Extremely

The degree to which the
results/outcome of an
innovation are visible
to others

Innovation
(innovativeness) Not at all Some what Fairly Highly Extremely

Ideas, practices, or
projects that are perceived
as new by an individual or
other unit of adoption

Communication
channels Not at all Some what Fairly Highly Extremely

Processes by which
participants create and
share information with
one another to reach a
mutual understanding
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Table 1. Cont.

Variables Variable
Category 1 (Never) 2 (Occasionally) 3 (Often) 4 (Usually) 5 (Always) Explanation

Time Not at all Some what Fairly Highly Extremely
Time required for an
innovation to disseminate
and adopt

Social systems Not at all Some what Fairly Highly Extremely

Sets of interrelated units
engaged in joint
problem-solving to
accomplish a common goal

Context of
application Not at all Some what Fairly Highly Extremely

Transdisciplinarity Problem
solving effort Not at all Some what Fairly Highly Extremely

Involvement of relevant
stakeholders in
problem-solving effort

Knowledge Not at all Some what Fairly Highly Extremely
Generation of
multidisciplinary
knowledge of the context

Difussion Not at all Some what Fairly Highly Extremely
Involvement of
stakeholders in diffusion
of innovation generated

Heterogeneity Disciplines Not at all Some what Fairly Highly Extremely

Involvement of
stakeholders from
different disciplines in
addition to traditional
science from university
departments

Organizational
diversity Not at all Some what Fairly Highly Extremely

Involvement of different
organizations outside
academic organizations

Communication formal Not at all Some what Fairly Highly Extremely

Type and quality of
academic publications in
the form of peer-reviewed
journal articles,
dissertations, pamphlets,
leaflets, etc.)

informal Not at all Some what Fairly Highly Extremely

Dissemination of findings
to different stakeholders
in addition to formal
academic publications,
such as community
engagements,
demonstrations,
exhibitions, etc.

Quality control Cognitive Not at all Some what Fairly Highly Extremely

Academic rigor and
soundness of the
innovation and generation
process

Social
dimension Not at all Some what Fairly Highly Extremely

Multi-dimensionality
(socio-economic, political,
cultural)

Social
accountability

Result
interpretation Not at all Some what Fairly Highly Extremely

The inclusion of social
issues in result
(environment, health,
privacy, public interests)

Result
diffusion Not at all Some what Fairly Highly Extremely Result dissemination and

reach to wider public

Problem
definition Not at all Some what Fairly Highly Extremely

Collective definition and
identification through
involvement of
stakeholders for collective
responsibility

Research
priorities Not at all Some what Fairly Highly Extremely

The importance of
research based on capacity
and need

2.1. Search/Identification and Screening

We first identified appropriate digital sources of journal articles and examined search
results. We considered all available online Bhutanese journal articles on agriculture and
adjacent subjects (forestry and livestock) published in Bhutan. The articles were retrieved
from (1) the Renewable Natural Resource Journal, currently archived by the Bhutan Journal
of Agriculture (https://www.bja.gov.bt/archive/, accessed on 20 January 2020) of the
Department of Agriculture and published by the Renewable Natural Resource Research

https://www.bja.gov.bt/archive/
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Council of Bhutan (CoRRB); (2) the Bhutan Journal of Agriculture (https://www.bja.gov.
bt/, accessed on 20 January 2020), published by the Bhutan Department of Agriculture;
(3) the Bhutan Journal of Natural Resource & Development (http://www.bjnrd.org/index.
php/bjnrd, accessed on 20 January 2020), published by Royal University of Bhutan. The
list of journals is attached as Supplementary Materials. Based on the inclusion criteria, the
citation of the selected articles was imported to the endnote library.

2.2. Inclusion Criteria

1. Published in the Bhutanese journals
2. Only peer-reviewed journal articles
3. Publicly accessible journal articles through websites or webpages
4. Research pertaining to crops and adjacent subjects
5. Published in the English language
6. Published between the years 2006 to 2020

2.3. Evaluation Criteria and Scoring System

The selected articles were screened and checked for different dimensions of innovation
attributes, diffusion elements, and the Mode 2 knowledge production features. We provided
an unweighted score ranging from 1 to 5 (1 = Rarely, 2 = Occasionally, 3 = Often, 4 = Usually,
5 = Always) based on the degree of inclusion of the features and attributes. The resulting
score data were checked for consistency.

2.4. Data Analysis

The polarity of the scale data was checked, and bipolar and opposite codes were
re-scored in the same direction (1 to 5) to enhance the scoring consistency. For example,
the complex articles were rated high for data, but complex innovations are usually less
adopted. We performed principal component analysis (PCA) using the Factoshiny package
(Vaissie et al. 2021) in R (R Core Team 2014) to identify the main factors and their contri-
butions. We also analyzed the structure and their spatial distribution of the observations
and the principal factors or the variables. We extracted the most vital information and
simplified the dataset description (Abdi and Williams 2010). The component with an
eigenvalue greater than one was used for factor extraction using Kaiser’s criterion (Kaiser
1960). The contribution of an observation (j) to the component (k) was obtained as the ratio
of the squared factor score of the observation to its corresponding eigenvalue (Equation (1))

Contrib j, k = f2j,
k

∑ j
f2j, k = f2j,

k
µ2

(1)

where µ2 is the eigenvalue of kth component.
The quality of factor representation was computed using Equation (2) followed by

the computation of the expected average contribution (cut-off point) via Equation (3)
(Kassambara 2017).

Contrib =
[(C1 ∗ Eig1) + (C2 ∗ Eig2) + (C3 ∗ Eig3) + . . . (C23∗ Eig23)]

Eig1 + Eig2 + Eig3 . . . + Eig23
(2)

where C1, C2, C3 . . . C23 represent their corresponding contributions of the variable PC1,
PC2, PC3 . . . PC23) and Eig1, Eig2, Eig3 . . . Eig23 are the eigenvalues of PC1, PC2, PC3 . . .
PC23, respectively.

The expected average contribution of a variable for PC1, PC2, PC3 . . . PC23 is

Cut − o f f =
[(23∗ Eig1) + (23 ∗ Eig2) + (23∗ Eig3) + . . . (23 ∗ Eig23)]

Eig1 + Eig2 + Eig3 . . . + Eig23
(3)

The variables (from innovation attributes, innovation diffusion elements, and Mode 2
dimension) that contributed to the variation were identified, selected, and described by

https://www.bja.gov.bt/
https://www.bja.gov.bt/
http://www.bjnrd.org/index.php/bjnrd
http://www.bjnrd.org/index.php/bjnrd
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comparison with the descriptive analysis. We also conducted individual within-group PCA
to identify and compare the variation within the groups. Further, we performed cluster
analysis and assessed variable contribution and variable descriptive to each cluster and
their representation by comparing global frequency (total number of times the variables’
descriptive were assigned) to the internal frequency for the given cluster (number of times
the variables descriptive was assigned within the cluster).

3. Results and Discussion

Out of 233 articles published by three agricultural journal publishers, only 110 articles
met our criteria and included in this study. The Renewable Natural Resource (RNR) Journal
published 138 peer-reviewed articles, of which 58 were related to crop science. Similarly, the
Bhutan Journal of Natural Resource and Development (BJNRD) published 54 agricultural
articles, of which 13 articles were included. All 41 articles published by the Bhutanese
Journal of Agriculture (BJA) were included in the study, as the articles were related to
crop science. The PCA analysis that we conducted identified their information content
and structure. The components were further described using quality of representation and
contribution to the first four dimensions. The variables were classified into three distinct
clusters, with each described by the descriptive value of the observations. When compared
with their descriptive statistics to make sense of the structure, the results indicated that
most of the innovation attributes were considered in the papers, while innovation diffusion
elements and Mode 2 knowledge production features were lacking.

3.1. Principal Components and Variable Significance

Principal component analysis is a powerful analytical method used in various disci-
plines (Abdi and Williams 2010; Bro and Smilde 2014). PCA enables us to summarize and
visualize the information contained in a dataset using multiple inter-correlated quantitative
variables (Kassambara 2017) and thus reduce dimensionality and enhance interpretability
without losing information (Jolliffe and Cadima 2016). Out of 23 variables (from Rogers
innovation attributes, diffusion elements, and Mode 2 knowledge production features),
‘research priorities’, ‘context of application’, ‘problem-solving effort’ and ‘relative advantage’ were
the variables that positively contributed to the variation without losing information. PCA
indicated strong relationships between variables, suggesting the number of dimensions to
be studied. The first two dimensions explained 39.34% of the total dataset inertia, which
was significantly greater than the reference value (17.19%) obtained by simulating 959 data
tables of equivalent size based on a normal distribution. The amount of inertia presented
by these four axes was greater than those acquired by random distribution (55.28% against
31.27% 0 of 0.95 quantile, thus carrying real information) (Figure 1).
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3.1.1. Quality of Representation for the Variables/Factors

The quality of the representation is depicted by the squared cosine (cos2) of the
variable component with an observation. Cos2 shows the contribution of a variable to the
squared distance of the observation to the center; it corresponds to the square of the cosine
of the angle from the right triangle made with the origin. All 23 variables under study
showed diverse levels of quality representation. On the positive coordinate (upper right
quadrant), determinants of innovation adoption variables ‘context of application’ peaked
at the cos2 values, followed by ‘research priorities’ and ‘relative advantages’. On the other
note, ‘complexity’, followed by ‘cognitive’ and ‘trialability’ had low cos2 values, indicating the
inferior quality of the representation. On the lower right quadrant, ‘informal communication’
followed by ‘disciplines’, ‘organizational diversity,’ ‘social system’, and ‘social dimension’ were
strongly indicated for their quality representation. In contrast, ‘formal communication’,
followed by ‘observability’ and ‘diffusion’, were poorly represented. The cos2 representation
of dimensions 1 and 2 is shown below in (Figure 2).

Social Science 2022, 12, x FOR PEER REVIEW 10 of 20 
 

 

 
Figure 1. Decomposition of the total inertia. 

3.1.1. Quality of Representation for the Variables/Factors 
The quality of the representation is depicted by the squared cosine (cos2) of the var-

iable component with an observation. Cos2 shows the contribution of a variable to the 
squared distance of the observation to the center; it corresponds to the square of the cosine 
of the angle from the right triangle made with the origin. All 23 variables under study 
showed diverse levels of quality representation. On the positive coordinate (upper right 
quadrant), determinants of innovation adoption variables ‘context of application’ peaked at 
the cos2 values, followed by ‘research priorities’ and ‘relative advantages’. On the other note, 
‘complexity’, followed by ‘cognitive’ and ‘trialability’ had low cos2 values, indicating the 
inferior quality of the representation. On the lower right quadrant, ‘informal communica-
tion’ followed by ‘disciplines’, ‘organizational diversity,’ ‘social system’, and ‘social dimension’ 
were strongly indicated for their quality representation. In contrast, ‘formal communica-
tion’, followed by ‘observability’ and ‘diffusion’, were poorly represented. The cos2 repre-
sentation of dimensions 1 and 2 is shown below in (Figure 2). 

 
Figure 2. The quality of representation (cos2) plot for the first two dimensions. Figure 2. The quality of representation (cos2) plot for the first two dimensions.

3.1.2. Contribution to the Variance by the Factor Variables

‘Context of application’, ‘problem-solving effort’, and ‘relative advantage’ ranked high on
the positive coordinate of dimensions 1 and 2 (Figure 2). This indicates that most of the
articles focused on solving an issue in the Bhutanese context. ‘Compatibility’ and ‘trialability’
attributes followed by ‘research priorities’ were also considered in the articles published. Of
the five innovation attributes, the variables that contributed to the total variability were
‘relative advantage’ and ‘observability’ of innovation in the first dimension. Variables such as
‘relative advantage’ and ‘compatibility’ contributed about 32% of the variability in dimension
2, followed by ‘trialability’. In dimension 3, ‘trialability’ contributed to maximum variability
(32%), followed by ‘compatibility’ and ‘complexity’. Similarly, in the innovation diffusion
element group, ‘social system’ (53%) followed by ‘communication channel’ (32%) and ‘time’
(21%) factor contributed to the variability in dimension 1.

Variables such as ‘organizational diversity’ under group heterogeneity and ‘problem-
solving effort’ under group social accountability accounted for the maximum contribution
of the variance for dimension 1, followed by ‘social dimension’, ‘informal communication’,
‘disciplines’, ‘diffusion’, and ‘problem definition’. The factor variables ‘result diffusion’, ‘research
priorities’, and ‘context of application’ together contributed about 32% of variability to dimen-
sion 1. Similarly, for dimension 2, much of the variability was contributed by the variables
‘relative advantage’ and ‘compatibility’, followed by ‘context of application’, ‘disciplines’, ‘re-
search priorities’, and ‘informal communication’. For dimension 3, the highest contribution to
the variance was made by ‘innovation’, followed by ‘knowledge’ and ‘trialability’ under the



Soc. Sci. 2022, 11, 536 11 of 19

innovation attribute group. ‘Formal communication’ contributed the highest variability in
dimension 4. The overall contribution of the variables to the total variability is explained by
the correlation plot (Figure 3A) along with the group variables contributing to dimensions
1 and 2 (Figure 3B).
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dimensions 1 and 2 (B).

The dimension, contribution, and cos2 of the first 10 variables for the first three
dimensions are shown below in Table 2.

Table 2. Contribution and cos2 for the first three dimensions for the top ten variables.

Top 10 Variables Dim.1 Ctr Cos2 Dim.2 Ctr Cos2 Dim.3 Ctr Cos2

Relative advantage 0.490 3.561 0.240 0.512 11.32 0.262 −0.152 1.099 0.023
Compatibility 0.178 0.473 0.032 0.496 10.601 0.246 0.457 10.007 0.209
Complexity 0.214 0.681 0.046 0.065 0.18 0.004 −0.476 10.837 0.226
Trialabliity 0.106 0.167 0.011 0.397 6.814 0.158 0.525 13.224 0.276

Observability 0.552 4.522 0.304 −0.024 0.026 0.001 0.100 0.482 0.010
Innovation 0.367 2.001 0.135 0.389 6.523 0.151 −0.581 16.170 0.338

Communication channels 0.563 4.714 0.317 −0.228 2.247 0.052 −0.085 0.345 0.007
Time 0.482 3.449 0.232 −0.218 2.050 0.047 −0.432 8.949 0.187

Social systems 0.731 7.942 0.535 −0.273 3.210 0.074 0.027 0.034 0.001
Context of application 0.600 5.345 0.360 0.465 9.345 0.217 −0.298 4.248 0.089

Note: ‘Dim’ and ‘Ctr’ in the table refer to dimension and contribution, respectively.

3.1.3. Topical Clusters Based on Factor Variables

Classification based on the observations revealed three clusters. Representation of
the factor variables in each cluster was assessed using hypergeometric distribution2; the
variables with significant p-values with their corresponding v-test value for each cluster
are presented in Table 3. In all three clusters, ‘social system’, ‘social dimensions’, and ‘informal
communication’ appeared significant as the determining variables. ‘Organizational diversity’
appeared significant in the first and third clusters, whereas ‘compatibility’ and ‘trialability’
appeared significant only in the first cluster.
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Table 3. Significant variables contributing to three different clusters with their frequencies, p.value,
and v.test.

Classification Variables Intern Freq. Glob Freq. p.Value v.Test

Cluster 1

Compatibility 196 322 4.084051 × 10−03 2.871596
Trialabliity 187 313 1.584161 × 10−02 2.412544

Organizational diversity 79 177 2.885287 × 10−02 −2.185491
Social systems 34 132 2.252916 × 10−10 −6.343029

Informal communication 4 57 2.206909 × 10−13 −7.335624
Social dimension 6 98 1.608176 × 10−23 −9.994673

Cluster 2
Social.dimension 53 98 4.779540 × 10−11 6.577646

Social systems 43 132 1.587664 × 10−02 2.411739
Informal communication 5 57 8.481098 × 10−03 −2.632292

Cluster 3

Informal communication 48 57 1.196667 × 10−21 9.558335
Social systems 55 132 7.028043 × 10−06 4.492837

Social dimension 39 98 5.834247 × 10−04 3.439205
Organizational diversity 58 177 7.749489 × 10−03 2.662794

Disciplines 32 160 1.450073 × 10−02 2.444614

Note: v.test (test value) corresponds to the transformation of p.value into the quantile of the normal distribution
which indicates if the coordinate of the category significantly different to 0. If the p.value is less than 5%, the
absolute value of the test value will be greater than 1.96. The sign (+ or −) of the test value indicates (greater
or lower).

In cluster 1, research articles3 (15 and 94) and the main characters of the groups were
high for the factor variables ‘context of application’, ‘research priorities’, ‘relative advantage’,
‘knowledge’, ‘problem-solving effort’, ‘problem definition’, ‘innovation’, ‘observability’, ‘compati-
bility’, and ‘cognitive’ (variables sorted from the strongest) with low values for the factor
variables ‘disciplines’ and ‘informal communication’ (variables sorted from the weakest). Re-
search articles published by BJA fell under cluster 1 as the articles considered ‘context
of application’, ‘research priorities’, ‘relative advantage’, and ‘problem-solving effort’. Many of
the research agendas in cluster 1 were prioritized based on the field problems. However,
studies were conducted solely by researchers without the involvement of stakeholders
from different disciplines and organizations. Thus, the exclusion of the stakeholders in-
cluding end-users during the research process results in poor adoption of the technologies
generated. The ‘problem-solving effort’ of the research was a singular disciplinary approach
that resulted in limited adoption of the findings due to complex field issues. A robust
integrated (natural and social research) transdisciplinary framework has proven to address
such complex field problems (Simon and Schiemer 2015).

Cluster 2 included articles 9, 10, 29, and 56. The group was characterized by low values
for variables like ‘Context of application’, ‘problem solving effort’, ‘research priorities’, ‘problem
definition’, ‘relative advantage’, ‘social dimension’, ‘diffusion’, ‘result diffusion’, ‘social system’,
and ‘knowledge’ (variables are sorted from the weakest). The articles published were mainly
oriented towards broadening the knowledge base without actually addressing societal
issues. The articles were highly disciplinary and fall under traditional Mode 1 knowledge
production. The majority of such journal articles were published by BJNRD. The articles
were purely of academic interest, only broadening the knowledge horizon without focusing
on solving prevailing societal problems. Such articles were low in contextual relevance as
well as ‘research priorities’ without practical application. Almost 50% of the articles included
in this study fall under cluster 2. Low focus on ‘social dimensions’ and lack of understanding
were identified as the main hurdles for effective creativity and innovation (Luebke 2011).

Cluster 3 constituted articles 6, 13, 18, 36, 39, 46, 48, 66, and 67. This group was
characterized by high values for variables like ‘disciplines’, ‘organizational diversity’, ‘informal’
communication, ‘social system’, ‘social dimension’, ‘communication channel’, ‘diffusion’, ‘result
diffusion’, ‘problem solving effort’, and ‘time’ (variables were sorted from the strongest).
Innovation attribute variables and innovation diffusion elements (except for social systems)
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were not considered by the articles in this cluster. Most of the Mode 2 knowledge production
variables were considered by the articles in this cluster.

BJNRD journals tend to publish papers of disciplinary academic studies, while BJA
shows a preference for papers with a practical problem-solving approach. However, the
reductionist approach to research problems has impeded solving complex field issues.

The classification of three topical clusters based on the factors or variables is shown
below in Figure 4.
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3.2. Findings from the Assessment Using Rogers Innovation Attributes

Innovation dissemination can be studied from different structures and elements of
the innovation system. A dearth of literature exists on how innovation adoption can
be enhanced by including the knowledge production process. Previous studies have
focused on Rogers innovation attributes as well as the adopter’s personal characteristics for
determining the adoption of innovation in a given context (Ostlund 1974). Socioeconomic
characteristics such as financial well-being and personnel characteristics affect innovation
adoption. Willingness to take risks, social integration, availability of funds, personal
interests, self-confidence, ability to cope with problems, and level of education affect the
adoption of an innovation as well (Sahin 2006). Thus, the technology generated is seldom
consistent with adopter needs and capacities, while human and financial resources are
limited (Christensen et al. 2012). In fact, the disconnect between research and extension
and an obsolete linear research-extension approach can be reasonably viewed as what
underpins poor adoption in the Bhutanese context.

Our assessment of perceived characteristics of innovation in terms of innovation
attributes showed variable results. Overall, ‘complexity’ received the highest score (about
62%), followed by ‘compatibility’ (60%), among the five innovation attributes. The high
score for the attribute ‘complexity’ shows that much of the research conducted was complex,
affecting adoption. The ‘compatibility’ attribute fell within the ‘Often’ adopted category.
However, ‘observability’ of the innovation had the lowest score (less than 40%), falling
under attributes that are considered ‘Often’. The articles published in the Bhutanese
journals considered, on average, four attributes (relative advantage, compatibility, complexity,
and trialability), falling within the ‘usually adopted’ category range. The innovations
generated as applied research to date were grounded on field problems, especially those
published by the Bhutanese Journal of Agriculture and Renewable Natural Resource
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(RNR). The attribute ‘observability’ had the lowest score (less than 40%), indicating that
the innovations generated were mainly of a ‘process’ or ‘soft innovation’4 type. Product
innovation consisted of varietal evaluation research; these studies were published by RNR
Journal and BJA. On-farm evaluation trials constituted about 20% of the research. Such
innovation research, especially for perennial crops, remains visible for potential adopters.
However, annual and seasonal crops remain in the field for a brief time, thus affecting their
overall visibility. Unless researchers involve end-users via certain extension approaches
such as field demonstration or on-farm trials, innovation rarely reaches target end-users
due to observability.

The innovations (new crop varieties) that underwent rigorous evaluation procedures
(on research stations and on-farm trials) and were released for growers remain minimally
adopted due to poor ‘observability’. Especially for annual crops, to increase the visibility of
the technology, many extension researchers in the past adopted the participatory evaluation
technique, where technology is evaluated in the grower’s field by involving stakeholders
from different institutes (ARDC Bajo 2015; Bajgai et al. 2018). In addition, innovative ideas
such as crop management practices, policy research, and socio-economic research remain
poorly visible to potential adopters, which results in low ‘observability’ and thus affects
subsequent adoption. Such innovations usually have been transferred to the end-users
either through training programs or through extension teaching and learning materials
(leaflet, folders, pamphlets, bulletins, newspapers, magazines, journals, and newsletters).
However, they have rarely reached the target end-users, as most Bhutanese farmers are
illiterate. Further, the social dynamics of end-users as reported in the Bhutanese context
appears to affect technology adoption (Dorji et al. 2016). To overcome the issue of the
social dynamics of end-users, innovators and stakeholders engage in video-based advisory
services for the effective dissemination of technologies with poor visibility. One such
example is the preparation of ‘bran Bokashi’ and ‘BioChar’ preparation and application,
currently available on YouTube (https://www.youtube.com/watch?v=sIQtSm17VmQ,
accessed on 20 January 2021). In the recent past, a technology park concept was practiced
by the Bhutan RNR extension centers to highlight both the soft and hard technology, but
was later discontinued due to logistical issues.

3.3. Rogers Innovation Diffusion Elements and Bhutanese Agricultural Research

Innovation diffusion elements were used to determine the adoptability of innovation
in a number of ways. The Rogers innovation decision process involves three key steps:
knowledge production (process or products), communication (to persuade innovators),
and decision-making by adopters. Out of the four diffusion elements studied, innovation
(innovative ideas, process of products) had the highest score (50%) within the ‘usually’
adopted category, followed by the ‘communication’ element (40%). Both the ‘innovation’ and
‘communication channel’ elements fall under the ‘often’ considered category among Bhutanese
agriculture researchers. However, two elements (‘time’ and ‘social system’) were the least
considered, despite falling within the ‘often’ adopted category. The innovations generated
in the Bhutanese context remained minimally adopted due to a lack of consideration of
the ‘time’ and ‘social system’ elements of innovation diffusion. The time lag occurs as
the dissemination process requires a series of processes, from knowledge production, to
the creation of awareness among potential adopters, to actual adoption decision-making
(Aggarwal et al. 2019). Bringing on board all the relevant stakeholders from the beginning
would shorten the time needed for the actual adoption decision.

Innovation attributes determine the time required for potential adopters to adopt a
particular innovation. Innovations with high profitability and relative utility but that are
less complex and risky tend to take a shorter time to adopt by potential adopters, while
complex innovation requiring high capital investment diffuses at a slower rate (Batz et al.
2003). In fact, traditional innovation attributes were found to be insignificant for decision
timelessness (Ciganek et al. 2014). Bhutanese innovators need to be mindful of the time
factor as one of the important elements of diffusion. Often, technology that takes a long
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time for adoption is irrelevant and out-of-date in the ultimate adoption context. Many
crop varieties were released almost two to three decades ago but only a few are currently
in practice. The Bhutan Department of Agriculture has approved a total of 53 field crop
varieties, 110 fruit cultivars, and 111 vegetable cultivars since 1988, of which nine, 27, and
one, respectively, were recently de-notified (DoA Bhutan 2021).

Figure 5 shows the average score for the five different Rogers innovation attributes
and innovation diffusion elements as considered by Bhutanese agricultural researchers.
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Figure 5. Rogers innovation attributes and diffusion element average scores: error bars depict the
mean deviation from the average score.

3.4. An Assessment Using Mode 2 Knowledge Production Features

Public research institutes (PRI) and universities across the world are evolving knowl-
edge production and its diffusion. This typical linear approach consists of two distinct
phases in which research institutes first innovate and later work on the dissemination
of the innovation (Cooksey 2011). In contrast, Mode 2 knowledge production process is
a non-linear approach in which transdisciplinary and relevant stakeholders (innovators,
end-user, policymakers, and communicators) team up to innovate and work on adoption
simultaneously. Therefore, diffusion of the results occurs in the process of knowledge
production. This type of Mode 2 knowledge production enables real-time evaluation (de-
velopmental evaluation) for adaptation and diffusion as it evolves in the context of the
application (Patton 1994) while enhancing innovation relevance and adoption. Further, the
Mode 2 knowledge production is characterized by a diverse range of quality controls (via
reflexivity) while maintaining social accountability (Coghlan 2014).

Bhutanese researchers have adopted various levels of Mode 2 knowledge production
and its variable factors. The ‘context of application’ of innovation had the highest score
(65%) in the ‘usually’ considered category (Figure 6). Under transdisciplinarity, Bhutanese
researchers have considered ‘problem-solving’ and ‘knowledge’ aspects, as both fell within the
range of the ‘often’ adopted category. In particular, research conducted by the agricultural
institutions (BJA and RNR Journal) was mostly applied research. Thus, the context of
application and problem-solving efforts appeared at the forefront of the research agenda.
However, ‘diffusion’ of the knowledge under transdisciplinarity received the lowest score,
indicating that many Bhutanese researchers inadequately incorporated disciplinary plural-
ism. This is likely due to Bhutan following a linear systems research extension approach by
which researchers generate technology and extension-disseminate it to potential adopters.
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Further, under ‘heterogeneity’ category, both ‘discipline’ and ‘organization’ were within
the ‘often’ considered category. This shows that the researchers remained confined to
their disciplinary and organizational boundary. They rarely collaborated with experts
from different organizations and disciplines. This exclusion of transdisciplinary specialists
from diverse backgrounds and organizations affected the utility of the results. The trans-
disciplinarity paradigm has increasingly been assumed in the translation of knowledge,
although transdisciplinary collaboration is a complex social process (Archibald et al. 2018).
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Figure 6. Mode 2 knowledge production features and variables with their corresponding scores with
mean deviation from average score.

Adoption of innovation depends directly on the level and mode of communication.
While ‘formal’ communication in the form of journal publication was within the average
range, Bhutanese researchers had least considered ‘informal’ communication. Similarly, in
quality control aspects, the ‘cognitive’ component was adopted well, falling under the ‘often’
category. Social dimensions were also ‘rarely’ considered by the Bhutanese researchers. For
social accountability, variables such as ‘result interpretation’, ‘result diffusion’, and ‘problem
definition’ fell within the ‘often’ adopted category. From our findings, the low adoption of
the Bhutanese agricultural innovations was due to a low focus on social dimensions and
poor informal communication. The weakness of the Bhutanese research policy and need
for socio-economic aspects have been pointed out in the past as well (Christensen et al.
2012). Poor accountability in agricultural research and the need for socio-economic research
along with the issue of knowledge management have been emphasized in the Bhutanese
Agriculture research strategy 2018–2028 (ARED-DoA Bhutan 2021). However, Mode 2
knowledge production features, especially transdisciplinarity, organizational diversity, and
social accountability, as well as fund support needs, have been inadequately mentioned.

4. Conclusions

Agriculture knowledge and innovation systems have significantly changed across the
globe, but Bhutan’s agriculture research and extension services still follow an old linear
system of technology diffusion approach. Research institutions innovate, and extension
service providers bring innovations to potential adopters. The government document
‘Agriculture Research Strategy 2018–2028’ clearly mentioned that the linear system of
extension is likely to continue for the next ten years. Thus, the Bhutanese agriculture
innovation system needs a paradigm shift in its policy and strategy to meet the changing
needs of Bhutanese growers in the modern context with a robust system of innovation.

We found that PCA can be a useful tool in the analysis of data structures and for
extracting information content from an ordinal dataset. Our study grouped the Bhutanese
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journal articles into three main clusters. Each cluster consisted of articles differing in
their factor variable characteristics. The BJA and RNR Journal published contextualized
research articles grounded on field issues, while BJNRD (Royal University of Bhutan)
published academic-discipline-based research articles. The Bhutanese agricultural research
have well considered innovation attributes, except for ‘observability’. The poor visibility
of Bhutanese agriculture research appears inherent to seasonal crop varieties, while soft
preliminary and academic research remains invisible and unadoptable. At the same time,
the articles published indicated that the complexity of the innovation research made it hard
to comprehend and use.

Mode 2 knowledge production is an approach that produces knowledge in context
while simultaneously evolving and being adopted in the process. The Mode 2 knowledge
production features shed light on areas of current research limitations. Bhutanese research
policy and strategy must incorporate these factors to enhance societal relevance and simul-
taneous adoption; pertinent issues identified in this study were ‘informal’ communication
channels and ‘social dimensions’.
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Notes
1 A research budget allocation of 2% of agricultural GDP is considered as the norm.
2 The number of times an event occurs in the fixed trials where each trial changes the probability of each subsequent as there is

no replacement.
3 The observation refers to the article explored and the roman number refers to the corresponding article serial number.
4 Implementing a new or improved production method.
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