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Abstract

The rising awareness of information transparency and the increasing trend of
citizen participation in the agriculture sector has created new opportunities for
information sharing. There are numerous information resources available for farmers
from private, government sources and industry stakeholders. There are also various farm
surveys by which farmers contribute towards the agricultural sector. However, no such
platform connects farmers and researchers in which data exchange happens
simultaneously between them. This gap in information exchange contributes to slow
growth in the advancement of the agricultural sector. Research results do not reach the
end-users in time to adopt agricultural improvement practices. Often researchers do not
get the opportunity to engage and encourage farmers to be citizen scientists to contribute

to the research.

In this thesis, we develop design requirements for an online web-based prototype
data exchange platform to bridge the gap between researchers and farmers. The platform
can serve as a way to build farmers’ trust in researchers and encourage them to contribute
more towards agricultural research to develop the sector. We believe that the findings of
this study will prove helpful to interface designers and researchers to inform and guide

future work in this critical area.
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Chapter 1. Introduction

1.1. Background

Agricultural growth and farm data exchange vary from country to country. Many
developed countries like the USA and UK have adopted modern farming practices,
precision, or digital agriculture, focusing on adopting technologies like GPS, GIS,
satellite, and drone imagery. In contrast, some countries still struggle to provide adequate
modern farming machinery to farmers (Ministry of Agriculture, 2001). Agricultural
technology advancement is based on new biological, mechanical and chemical techniques
that can be used at the farm level (Birthal et al., 2015; Ministry of Agriculture, 2001; van
de Gevel et al., 2020). Technology adoption is affected by farmers’ demographics such as
age, location, income and knowledge, including training, education, information and
advice (Almekinders et al., 2019; Birthal et al., 2015; Rao, 2007; van de Gevel et al.,
2020; Vosough et al., 2015). Internet connectivity has also become a significant factor of
consideration for farming techniques that are highly modernized, including smart farming

and precision farming.

The World Wide Web is a primary information source in various sectors,
including agriculture. Extension officers provide advisory services to the farmers as
agricultural stakeholders to improve productivity, profitability and the quality of their
livelihoods (Njelekela & Sanga, 2015). Farmers, extension officers and researchers have

been extensively utilizing online websites to fulfil their agricultural information needs,



including access to government programs and policies on agriculture (Misaki et al.,
2019). The increasing use of citizen science in various social sciences fields, especially in
developing countries, has promoted the implementation of e-services in the agricultural
sector. Central and state governments have developed official websites as one of the
sources to deliver information about agriculture to the public and farmers, informing
about government subsidies, promoting the usage of the online platform for seeking
information, and assuring information of adequate regional extension services. For
farmers, finding accurate and up-to-date information based on their information needs
can be a difficult task, especially for those who are not skilled in navigating knowledge
management websites (Lalmas et al., 2007). Searching through the literature of
government websites with numerous portable document format (PDF) links may be
difficult, resulting in wandering through multiple web-based databases and search
engines that are not helpful for the farmer. These sites do not target knowledge
acquisition and do not focus on ease of information collected from the farmers as that is
not the focal area of the websites (Bhattacharya et al., 2012). Additionally, the
information displayed on these sites may not be user-friendly, mainly because of the

complexity and numerous clicks to find the desired information.

The Internet offers a wide variety of information formats, including videos, news
updates, live streaming, and pictorial information and images, which can be pivotal for
better understanding a concept that might be outside of the user’s personal experience and
communicating the information to others knowledge. Moreover, there is a vast potential

to use online data collection platforms like customized surveys which are faster, cheaper,



quick to analyze, easy to style and use by researchers, and have high flexibility. No
website, to our knowledge, combines data dissemination sources for farmers like
literature search engines and eLearning with data collection functionalities that can be
used to exchange data between researchers and farmers to improve knowledge and
understanding of the agricultural community. Thus, we created a prototype online web-
based platform for facilitating the agricultural information exchange with the main focus
on the information needs of the farmers. We have proposed a design system that can be
used for both agricultural data collection and data dissemination and increase engagement

between farmers and researchers.

Through the online platform, farmers will be able to provide data required by the
scientists without going to the laboratories, and the researchers will no longer require
hiring and training field data officers for individually going to separate farms for data
collection. Citizen science in agriculture can accelerate and improve agricultural
efficiency by improving farm practices and making farmers well informed of the latest
technology. The farmers can themselves examine crops based on criteria set by the
researchers like quality, vigour, and yield. Under traditional research data collection,
scientists or field officers are required to go to the farmlands and collect relevant data for
the research project. Farmers with remote farmlands are often neglected because of a lack
of accessibility, affecting the generalizability of the research (Eitzinger et al., 2019). With
our platform, researchers can investigate agricultural data from different regions across
the world, collect and share data with the farmers by readily engaging them with the help

of this user-friendly online website.



1.2. Motivation from Indian Farming

India enjoys a unique combination of climate and geography, making it the 10th
largest arable land in the world (Singh et al., 2020). It comes as no surprise that India has
20 agri-climatic regions, and all of the world’s 15 significant climates exist in India
(Singh et al., 2017). Agriculture is a primary source of income generation for 58% of the
Indian population (India Brand Equity Foundation, 2020). However, it only contributes
14% to the national GDP (Singh et al., 2020) compared to the service sector, which
contributes a substantial 59% to GDP with only 23% of the workforce (Lakshmanan,
2019). Furthermore, as India is the second-most populous country globally with 1.371
billion people (United Nations, 2019), providing food security is an ever-growing
concern. The Indian government is trying its best to adapt farming technologies and
practices according to the growing population by increasing food grain production with
the help of agricultural scientists (Veeranjaneyulu, 2014). Thus, the agriculture sectors
output has become a crucial part of India’s national development plan for global
competition with other economies. It poses a unique challenge for Indian agriculture in
terms of future growth, and it requires urgent attention and out-of-the-box solutions
approach to properly channel the workforce in utilizing the potential of the Indian
agricultural sector. There is no surprise that India is thriving as one of the top food-
producing countries in the world, but it is also very clear that the agricultural techniques
need upgrading by integrating with disruptive technologies. Farmers need awareness and
access to latest agricultural research and technologies, but they lack such information. As

a result, farming success rates are lower than what is possible given the available



technology and research, costing potential agricultural sector growth decline and

potential farmers’ income.

The agriculture sector is undergoing a technological transformation to combat
food security challenges under climate change scenarios (Almekinders et al., 2019). With
the vast workforce employed in agriculture, India has the capacity to increase agrarian
production with the use of advanced research and technology. Applying innovative
methods and recent technologies like the Internet of Things (IoT), automation, CONCE,
and geospatial technologies can support in revolutionizing the agrarian sector
(Ballantyne, 2009; Eitzinger et al., 2019). There is a strong need to bridge the gap
between farmers and researchers to increase agricultural efficiency and promote the

sector’s growth.

The role of information technology is changing in our everyday lives, and our
dependence on it increases. Technology has made it possible for farmers to document
their production records and share them with agricultural experts whenever needed. The
question is: How easy and how accessible are the technological upgrades and adaptations
for the farmers? The agricultural sector employs many people with low literacy levels and
little knowledge about farming practices. Some farmers end up investing in expensive
agricultural machinery that might be unfit according to their agricultural land, overuse of
fertilizers that badly affect soil fertility, and other exploitation and wastage of resources,
which all occur because of lack of proper information (Murria, 2018). Farmers are deeply

dependent on traditional agricultural practices and have little or less awareness of



technological advancements. The main reasons are lack of literacy, fear of technology, the
narrow spread of technology in rural areas, and resistance to shifting from traditional to

tech-savvy methods (Baumiiller, 2018; Marimuthu et al., 2017).

Information and communication technology (ICT) can act as a source to provide
support to the farmers by disseminating helpful information related to agricultural
improvements, variable prices of inputs, latest farm technologies, market updates,
agricultural know-how, among others. Fulfilling farmers’ informational needs can help
them in optimum utilization of the agricultural resources and generate maximum profits
with increased crop productivity (Armstrong et al., 2012). Despite a large number of
well-educated, well-trained and well-organized agricultural researchers, around 60% of
farmers in the country still remain deprived and not served by any extension agency or
functionary (Rao, 2007). ICT can help bridge the gap between agricultural scientists and
farmers, leading to improved agricultural research, education and expansion (Singh et al.,

2015).

1.3. Motivating Farmers as Citizen Scientists

Farmers’ involvement in participatory research can take different forms: providing
useful information to scientists, collecting data themselves, or helping design the research
questions. However, farmers may be reluctant to participate in research projects because
of potential mistrust between farmers and scientists. This mistrust partly originates from
the fear that research results may be used to put burdening regulations in place against

farming activities, including changes in market policies and government regulations



(Minet et al., 2017). The intrinsic motivation of contributing to science or tackling
intellectual challenges is sufficient for many volunteered contributors to join
crowdsourcing initiatives in science (Reed et al., 2013). Some contributors might be
interested in developing national or global agricultural data infrastructure by providing

valuable inputs for farmers.

Farmers can act as an essential part of agricultural research by acting as citizen
scientists and helping researchers to get the data they need. Citizen science has emerged
as one of the latest participatory research methods enabled by new digital technologies
across a wide range of disciplines. There is no universally agreed definition of citizen
science, and several researchers stress that plurality of understandings in different fields
are critical to creation and innovation in citizen science (Eitzel et al., 2017; Schifer &
Kieslinger, 2016). Rick Bonney is credited as the first one to publicly use the term citizen
science to describe the large-scale public participation in data collection initiatives
(Bonney et al., 2014). He described citizen science as an alternative form of public
outreach to empower the public with scientific literacy and harness large number of
people for data collection. Thus, citizen science allows researchers to include the public
in authentic scientific activities for collecting research data and experimentation (Bonney

et al., 2014; Eitzel et al., 2017).

Citizen science is a narrow subset of crowdsourcing, a form of open public
participation in the scientific process where the participants may or may not receive a

monetary contribution for their service (Schenk & Guittard, 2011). Crowdsourcing offers



the opportunity to gather more data at a lower cost through enhanced spatial and temporal
coverage (Fuccillo et al., 2015; McCormick, 2012). Through crowdsourcing, citizens
voluntarily help in data collection, for example, biodiversity measurements (Fuccillo et
al., 2015), crop experimentation (Van Etten, de Sousa, et al., 2019), bird monitoring
(Kelling et al., 2015) and monitoring air quality (Ottinger, 2009). Citizen science in
agriculture is a newly introduced but growing practice (Minet et al., 2017; Ryan et al.,
2018). Citizen science has proved to be efficient in collecting observations from farmers
(Minet et al., 2017). For example, van Etten et al. (2019) performed large-scale on-farm

experimentation focused on crop variety evaluation through citizen science.

Through engagement of the online web platform, small farmers will get access to
direct advising from researchers for the farming practices; it will allow them to make
better and more sustainable decisions about the types of crops they plant and how to
manage crops efficiently once they are sown. It might also lead to better yields, higher
quality products and increased wealth for the farming communities around the world
(Janssen et al., 2017). More transparent involvement of farmers in the research will
enable the researchers to develop better quality crop seeds, make recommendations for
improving farming techniques and get real-time feedback from a broader scope of
farmers. Generally, small farmers do not get a chance to be part of the latest agricultural
research, but a direct virtual connection will help bridge the gap between farmers and
researchers. Citizen science not only supports efficient and effective data generation for
scientific research but it also supports participant and community learning, accompanied

by wider social accountability of scientific research (Bonney et al., 2014; Cooper et al.,



2015). The farmers gain new skills or knowledge (C. Evans et al., 2005), learn to manage
their day-to-day data (Janssen et al., 2017), improve scientific literacy (Jordan et al.,
2011), and deeper community involvement (Bell et al., 2008). Citizen science also plays
an important role in broadening the perspectives of participants by engaging them in
decision-making (Shirk et al., 2012) and addressing concerns of their community by
active engagement (Ottinger, 2009). It also creates pathways of development for farmers

by using the latest technology in the agricultural sector (Hansen et al., 2014).

1.4. Research Goals and Objectives

There is a need to facilitate knowledge generation and exchange in the
agricultural sector for its development and digitalization. This thesis proposes a unique
platform for farmers and researchers that can be used for sharing information between the
two parties. It aims to be a one-stop-shop with all farming solutions for the farmers, and it
will provide researchers with direct on-farm data without involving third parties for data
collection. It aims to solve the researchers’ data collection problems and provide
knowledge to the farmers about the agricultural sector’s technological advancements and

expert guidance from agricultural scientists to increase crop productivity.

Data analysis and citizen science can help us advance agriculture and contribute
to a prosperous future of farming. Citizen science can not only help in collecting essential
data related to crops but also in increasing the engagement of the end-user (farmers) in
agricultural research. Data collection becomes cost-effective, and the expanding scale of

the research becomes more feasible for investigators when using citizen science. With the



help of citizen science, researchers can get sample data across a broad geographic area
and get data from regions that earlier seemed inaccessible. Scientists can build strong
relationships with farmers and aid farmers in applying research output to address on-farm
challenges. The platform will act as a mediator between the researchers and the farmers
for data collection and providing suggestions on efficient crop varieties to increase
farming productivity and contribute to the general awareness of farmers about the latest
research in the agricultural sector. Through the research project, we aim to explore the
application of online websites to aid farmers and researchers and make necessary

recommendations for future improvements in the platform.

In response to the coronavirus pandemic times, it has been challenging to conduct
in-person or face-to-face interviews for data collection and arrange extension services
and information sessions to educate the community in regions, nationally and globally.
The online data collection approach comes in handy to reach broader sections of the
population without direct human contact. The data collection can be done efficiently in a
small timeframe using the online methods, and it also gives the added advantage to
engage participants for future studies. eLearning and knowledge of extension services
play a significant role in disaster preparedness, prevention, response and recovery
training by community engagement and sharing relevant information (Koundinya et al.,

2020).

Introducing technology in the agriculture sector can empower farmers, build a

strong community, increase their efficiency, and improve competitive dynamics

10



(Ballantyne, 2009; Nelson et al., 2019). It has been observed that farmers fail to exploit
their true potential towards farming activities due to a lack of resources and knowledge
(Eitzinger et al., 2019). Data dissemination can improve agricultural researchs digital
visibility and transparency and establish trust in online research studies. Farmers perceive
“fellow farmers” as the preferred source of information over the government and private
companies because of less bias (Marimuthu et al., 2017). With this in mind, we combined
expert guidance of agricultural experts with the trust of fellow farmers through the website
to build farmers’ trust in the researchers and empower them to make the right farming
decisions and raise farming standards. This explains the motive behind the concept of a
web-based information-seeking platform for both farmers and researchers. Based on this
research, the future potential of the platform is evaluated, and suggestions are made for its

improvement and usage by farmers and researchers.

In a nutshell, this thesis focuses on answering the research question: What are the
design requirements for developing an online data exchange platform to bridge the gap
between farmers and researchers in India based on a design science approach? The design
requirements of the online platform focus on making the platform easy to use, readily

accessible, and functional with quality content as per user requirements.

The expected contributions of this research are:

11



1. Developing design requirements for an online data exchange platform based on
the concepts of crowdsourcing and citizen science, as this offers the opportunity
to gather large-scale data at a lower cost through enhanced spatial and temporal
coverage.

2. Facilitating knowledge generation and exchange in the Indian agricultural
sector for its development and digitalization if the prototype platform gets
widely used and adopted in India.

3. Providing farmers with the opportunity to access direct advice from researchers
for farming practices. Agricultural scientists can directly seek farmers’ support
in their research, including developing better quality crop seeds, improving
farming techniques and getting real-time feedback from a broader scope of
farmers to enhance their research quality. Thus, the prototype aims to support
participant and community learning, accompanied by wider social

accountability of scientific research in the agricultural field.

1.5. Thesis Organization

Chapter 2 presents a literature review of the existing resources in the agriculture
sector that uses information and communication technology (ICT) to share information
from agricultural experts to the farmers. It also sheds light on the evolution of data
collection practices in the agriculture sector, discusses the existing data collection system
to obtain statistics, and reviews currently available approaches to improve the practice.

Chapter 3 discussed the design and development process of the web-based system in detail.

12



Chapter 4 presents the detailed research methodology used in the study. Chapter 5 provides
the rationale for using the online platform to improve data collection and data
dissemination practices and provides a means by which farmers can communicate with the
experts and farming community. Limitations of the proposed model are also mentioned.
The thesis concludes by summarizing the research contribution and its implication to

practice and suggests several areas for future research.
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Chapter 2. Literature Review

In this section, we have divided the literature review into three broad subsections:
background, traditional data exchange, crowdsourcing and citizen science. We start by
providing a background related to the research topic. We then covered traditional data
collection and dissemination methods followed in the agriculture sector. Literature
around traditional methods includes traditional data collection practices in the agriculture
sector, the evolution of farm survey practices, online practices of data collection, areas of
improvement in the online data collection, how information is disseminated in the
agricultural sector and how it can be improved. In the end, we provided a literature
background for the concept of crowdsourcing and citizen science and how these concepts

are adopted in the agricultural sector.

2.1. Background

Data exchange through our platform includes the process of data collection and
data dissemination, so we discuss the context and applicability of both these processes
from the perspective of the Indian agriculture sector. For data collection purposes,
agricultural researchers commonly use conventional survey administration modes,
including mail, in-person interviews, telephone, and web-based surveys (Fleming &
Bowden, 2009). In India, mail and in-person interviews are the widely used form of data
collection (Rhoades & Aue, 2010; Vogel, 1986). The application of web-based surveys in

the agricultural sector still needs exploration. With our study, we also examine areas

14



where agricultural researchers can use web-based data collection. After successful
evaluations and new scientific discoveries in the field of agriculture, it is equally essential
for agricultural researchers to share the research findings with the agricultural institutes
and farmers to increase their awareness. Recommendations from researchers for
innovation and change in areas including proper equipment and technology, seed
selection, market trends and guidance in production can increase farmers overall
engagement in research (Nelson et al., 2019). Farmers’ active interaction with the
research community as citizen scientists can further improve research quality and
innovation processes (Ballantyne, 2009). Results from the study will provide a necessary
factual basis for consideration of the usage of a web-based platform for online data

collection and dissemination methods in the agricultural sector.

Farmers collect and evaluate a large amount of data in each growing season
related to types of crops harvested, plantation of seeds, inputs usage like labour and
machinery, among others. The data collected is used by farmers to optimize the crop
production cycles and increase agricultural efficiency (Bhange & Hingoliwala, 2015).
The traditional farming crops are no longer compatible with climate changes. Agricultural
scientists are inspecting to understand how farm data from farmers might help develop
seeds and introduce farm techniques for adapting to climate change by modernization of
agricultural practices. According to the Intergovernmental Panel on Climate Change
(Rosen, 2019), climate change is projected to reduce agricultural production by two
percent every decade until 2050. So, there is an immediate need to alter farming practices

and improve crop varieties based on regional variations to be able to maintain and

15



increase the food supply. This can only happen with an increased connection between
farmers and researchers so that they work together to improve the farming resources

based on regional variations.

Research conducted by Van Etten et al. (2019) showed the potential of using
citizen science to generate insights on crop varieties adaptation and helping farmers with
appropriate recommendations of resources. In that case study, however, the farmers were
not provided access to an on-the-go platform or any website where they could have
provided information to the scientists in real-time. We have created an online website that
both agricultural researchers and farmers can use to fulfill their individual and collective

goals of sharing and collecting information for the improvement of the agricultural sector.

2.2. Traditional Data Exchange Practices

2.2.1. Traditional Agricultural Data Collection

Agricultural economists have been using mail surveys, observational procedures,
and experimental procedures for primary data collection. Among these methods, the mail
surveys approach has been used for decades (Pennings et al., 2002). Producing high-
quality data with mail surveys is impeded due to the low response rate and lack of
representativeness (Dillman et al., 2014; Tourangeau, 2004). In survey methods,
respondents are assumed to be able to answer the survey questions through in-person or
telephone interviews and/or mail questionnaires. Observational procedures are when
researchers make observations about the behaviour of interest and objects either manually

or by using mechanical devices (Vogel, 1986). Under experimental procedures,
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researchers introduce selected stimuli into a controlled environment and then manipulate
them to note the changes (Wu & Little, 2011). Enumerative surveys and interviews have
become fundamental research tools for all social sciences to conduct primary research,
guide policies, and improve practical operations in public and private sectors (Ponto,
2015). Farm surveys concerned with farm management are different from the surveys
concerned with farm soil or other physical attributes, as the former is mainly concerned
with farmers. Nevertheless, these farm surveys have the same function and role in
agricultural economics as any other social survey bears to its social science or group of

disciplines and to its related policy areas (Pennings et al., 2002).

Different organizations collect and store various kinds of agricultural data based
on their goals. According to Danes et al. (2014), the government collects and manages
agricultural data for administrative procedures, monitoring purposes and information
management. The data includes national agricultural statistics, weather data, subsidies
and taxes, data to monitor environmental performance and climate change. The data is
collected and stored in a uniform format on a regularly scheduled basis for as long as data
remains relevant for the government’s agricultural policies (Janssen et al., 2017).
According to Veeranjaneyulu (2014), researchers collect data for their projects through
farm and household surveys, soil sampling, observational and experimental procedures,
and laboratory measurements to meet specific project needs. The data collection is often
incidental based on an irregular schedule and non-uniform in format. These data files are
often non-usable by the public and farmers because of the privacy and confidentiality of

research (Janssen et al., 2017). The data files require appropriate licensing schemes to
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allow open access to the information. Famers and private organizations, including
industries, collect data for their own operations. They do not share their data due to
competitive or privacy concerns. The availability of data in farming households and
communities of developing countries is low compared to the developed countries
(Ballantyne, 2009). All these combined data sources have led to access to the agricultural

data available for research and usage.

2.2.2. Evolution of Farm Survey Practices in India

The first farm survey on cereals was carried out in 1943-44 in Punjab, UP and
Orissa states of India using an extensive random sampling method. Agricultural
statisticians were appointed as field officers to conduct the surveying as the majority of
the farmers could not read or write, and there was poor communication between the
villages in rural areas (Sukhatame, 1950). Stratified multi-stage random sampling was
adopted to improve the farm survey practices. The country’s provinces were divided into
districts by the Revenue Inspectors, and a few districts together constituted the strata. A
specific number of villages were randomly selected from each stratum for farm data
collection purposes. Provincial field staff used to get training before appointment to
conduct experiments. The efficiency of surveys increased by implementing the improved
sampling method. However, the involvement of supervisory staft and field officers had
added expenses of training and touring for survey purposes. Sukhatame (1950) concluded
that results of farm surveys get better precision based on the stratification method

compared to random sampling, and thus, it would remove sampling error and increase the
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generalizability of the research. He also mentioned that the choice of survey units has to
be made for both administrative convenience and statistical efficiency. Since then,
agricultural researchers prefer to use stratification sampling method to conduct farm

Surveys.

According to the Central Statistical Organization’s report (2007), The National
Commission on Agriculture was appointed in 1970 to make several important
recommendations for improving the data collection system in India. All states have a
decentralized system to collect and compile agricultural statistics, particularly crop
statistics. Some major agencies responsible for agricultural data collection or
methodological studies on agricultural statistics are the State Agricultural Statistics
Authorities (SASAs), National Sample Survey Organisation (NSSO), the Indian
Agricultural Statistics Research Institute (IASRI), and the State Directorate of Economics
and Statistics (State DESs) (Central Statistical Organization, 2007). Enumeration surveys,
experimental and observational procedures are the primary data collection methods used
on a quinquennial basis to collect essential agricultural statistics, including yield
estimates, agricultural wages, market intelligence, weather conditions, irrigation

statistics, and other parameters.

Based on crop area and production statistics reports from the Government of
India’s Ministry of Statistics and Programme Implementation, most farm surveys were
initiated in the 1940s in Punjab and adopted around the 1960s to collect data (Central

Statistical Organization, 2007). Most of the data collected are concerning crops and
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farmlands with significantly less focus on the farmers. Various factors concerning
farmers, including their farm activities, health, education and awareness for agriculture,
can be studied to improve the agricultural efficiency of the farmers and provide

recommendations for increasing their profits.

2.2.3. Online Data Collection

Online web-based surveys are frequently used in different areas of research for
data collection aimed at general populations. Web survey data collection remains an
attractive mode of data collection for two main reasons. First, web surveys are more
efficient regarding cost and speed compared to conventional modes of data collection
(Fleming & Bowden, 2009). Second, web-based surveys provide the ability to deliver
complex survey instruments while minimizing social desirability biases (Burkill et al.,
2016; Kreuter et al., 2008). An additional benefit of online surveys is the increase in

large-scale population-based experiments with minimal effort (Mutz, 2011).

While examining online data collection practices, one should note that the internet
is evolving, and survey researchers adapt to these changes. In recent years, mobile
internet devices (particularly smartphones and tablets) have contributed significantly to
the overall increase in internet coverage, presenting both challenges and opportunities for
researchers. Specifically, some studies, including Couper (2017), Link et al. (2014), and
Couper et al. (2017), have found that smartphone users have lower response rates, higher
breakoff rates, and longer completion times than PC users when completing web surveys.

Mobile optimization reduces some of these adverse effects, but it does not eliminate
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them. Mobile optimization is a process of adjusting website content between desktop and
mobile devices to ensure optimized content flow for user satisfaction (Link et al., 2014).
On the positive side, with a few exceptions, the data quality obtained from smartphone
respondents are comparable in terms of accuracy, completeness, reliability, timeliness and
relevance, to those obtained from respondents using PCs or tablets (Couper et al., 2017)

and (Link et al., 2014).

A diverse range of online research methods is currently employed in the academic
and social sciences, including qualitative, observational, and experimental methods,
among which web-based surveys dominate them all (Buchanan & Hvizdak, 2009; Krantz
& Williams, 2010; Reips, 2012). However, web surveys are not without challenges,
including reduced experimenter control (Stieger et al., 2007), relatively high levels of
item non-response rates (Heerwegh & Loosveldt, 2008; Peytchev, 2012) and dropout
(Peytchev, 2009), and some unethical considerations which require addressing (Buchanan
& Williams, 2010; Roberts & Allen, 2015). Despite these challenges, web-based online
methods of surveying are popular over traditional methods due to their advantages,
including cheap, flexible, and rapid access to diverse, ample, geographically disparate
and challenging to access samples (Best & Krueger, 2004; Evans & Mathur, 2005;
Gosling et al., 2004; Hewson & Laurent, 2008; Skitka & Sargis, 2006; Tuten, 2010). With
the increase in technological adoption in rural areas, more people can engage with web-
based platforms for bi-directional data and knowledge transfer between researchers and

farmers.
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With the COVID-19 pandemic, it has become challenging for researchers to
perform data collection using conventional means, so looking for technological
alternatives and improving practices have become very important (Menon &
Muraleedharan, 2020). The added advantages of automated electronic data collection,
entry and analysis have made online data collection usage one of the popular methods for
researchers (Dillman, 2007; Tourangeau, 2004; Weible & Wallace, 1998). The low cost
involved in conducting online surveys helps in facilitating large sample sizes and thus
increases the potential subgroup analysis and decreased sampling variance (Witte et al.,
2000). Web-based surveys are fast to administer, reduce human error, and provide

consistent results if well-designed (Loomis & Paterson, 2018).

2.2.4. Areas of Improvement with Online Data Collection

The paper-based farm surveys often take much time to reach out to the farmers
and are prone to data entry errors by the person responsible for data collection (Tuten,
2010). Important variables like machinery, labour, and farmers’ well-being are often
ignored while making recommendations based on the traditional farm surveys. According
to the report of the National Crime Records Bureau, 10,281 farmers and farm labourers
committed suicide in 2019 (Staff, 2020), which is 7.4% of India’s total suicide victims.
This also accounts for 28 suicides every day in India’s farming community. The root
causes of the suicides among farmers are bankruptcy and debt to farming-related issues

and crop failures.
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Since the agricultural surveys are conducted on a quinquennial basis, it is hard to
derive solutions to the problems which are accumulated over time. Many farmers pour
money into improving their irrigation facilities and investing in pesticides and machinery
without being aware of the actual manner by which they can improve their crop
productivity. With paper-based surveys, data is predominantly collected in field
notebooks by the field officers, which is then manually entered into computer-based
database software packages for analysis and reposition. Areas of weaknesses among the
paper-based field surveys include time delays in analysis and providing feedback, non-
availability of data upon demand, data loss in transfers of field notebooks, lack of means
for data management, storage, deletion and lack of data availability for referencing
purposes (Evans & Mathur, 2005). Using online modes of farm surveys may save a
substantial amount of time and fast-track the data delivery to agrarian researchers,
providing more refined solutions to the farmers based on their problems. Building a better
connection between the researchers and farmers can improve crop productivity, leading to

an increase in agricultural products in the economy (Hansen et al., 2014).

The primary purpose of the online platform for data exchange is to endeavour to
understand and likely improve farming performances that cannot be attributed solely to
farm size and other physical attributes. Data collection about various parameters of
farmers such as attitudes to borrowing, propensity to innovate, levels of knowledge,
willingness to take risks, and investing for further increases in farm production can help
grow the agricultural sector. Such information is essential at all levels of policy formation

and implementation to show an accurate picture of the farmers’ needs.
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Despite the fairly broad approach of the traditional farm surveys, it is evident that
they do not play a significant role in the Indian agricultural economic policies. Even
agricultural research for improving farm practices is conducted on a microscopic scale
(Sumberg et al., 2003). In most of the farm survey practices, there has been little
innovation since the methodology was adopted from the 1950s, given that the particular
aims, sampling, and analysis have followed a well-defined pattern (Central Statistical
Organization, 2007). Experimenting with the online practices of stratification sampling
based on factors like farm size, education, soil type, crop rotation and so on may bring
fruitful results instead of adhering to traditional sampling methods. More can be done to
compare farming and farmers’ well-being to look for ways to develop the agriculture
sector. Farming employs more than 50% of the Indian population but still, there are only
limited studies to make the farming experience more enriching for the people involved
(Narechania, 2015). There is a scope for following up surveys with individual farm
budgets to work on the state’s extension services for farming and to provide support to
the farmers in the areas where they need the most help. The research to scale and quantify
levels of knowledge of the farmers can be fruitful by engaging a wider range of

parameters in the farm surveys.

According to Stimane et al. (2018), a well-rounded programme of research in the
field of agriculture can be outlined as follows: (i) Prevailing farming systems and
measurement of current changes in farming; (i1) Detailed analyses of farm management
problems by size, type, location and other factors; (iii) Economic effects of institutional

and technological changes on agricultural production; and (iv) Exploration of research
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methodologies. We incorporated these parameters while preparing our online farm survey
to understand its usefulness for data collection. The online surveys can provide timely
data to perform fundamental analyses of the efficiency of farm resources, which can
serve as a basis for improving the governments agricultural policies . Surveys can also be
conducted to understand the credit needs of farmers and the availability of credit in rural
areas. To determine the satisfaction curves of the farmers towards the acceptability of a
given programme or policies introduced by the government, online surveys can prove
indispensable. It can also serve as a platform to measure the functioning and support of
government resources and agricultural research towards the farmers. Thus, it will provide
a fair and just view of farmers by involving them directly towards conducting research

and policymaking.

2.2.5. Dissemination of Information

Development, dissemination, and adoption of technologies play a vital role in
achieving sustainable agriculture and considerable advancement in the agricultural sector.
Technology and research adoption at the farm level is affected by numerous factors,
including education, training, awareness, advice, and information, which form the basis
of a farmer’s knowledge (Ministry of Agriculture, 2001). In general, the farmers have a
conservative attitude and need more time, trust, and information to be persuaded to adopt
the latest new technologies in their daily farm activities (Sumberg et al., 2003). It is thus
essential to disseminate accurate and reliable data along with technical guidance to the
farmers based on their local conditions. Farmers can minimize the risk of implementing

new technologies with detailed information and technical assistance from agricultural
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experts (Nelson et al., 2019). In addition, there is likely high consumer trust knowing that
farmers have received adequate technical guidance (Janssen et al., 2017). Agricultural
organizations and extension services play a significant role in the knowledge
dissemination process to maximize individual farmers benefits. The key questions to
address knowledge dissemination are:

— What information is to be provided to the farmers?

— How should the information be provided to the farmers?

— How may we help individual farmers comprehend the information in the best possible
manner?

— How may we deliver reasonable, practical, and economically feasible solutions for

agricultural practices?

The crucial role of information dissemination for the development of the
agricultural sector has been underscored in the previous literature. It can be observed that
there are plenty of sources for providing agricultural information to the farmers, and there
has been much research to improve farming activities. However, the different sources of
agricultural information derived from research studies are not readily accessible to the
farmers. Depending on the geographical region, economic condition, and factors unique
to the farmers, it is unknown which sources of information are preferred and used by the
farmers. Similarly, in terms of data collection, it becomes difficult to involve farmers
from hard-to-reach areas, which might affect the generalizability of the research (Janssen

et al., 2017). To overcome these issues, we designed a platform for gathering and sharing
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helpful information transparently, which can fulfill the requirements of both farmers and

researchers and aim to improve communication between the stakeholders.

2.3. Crowdsourcing and Citizen Science

2.3.1. Crowdsourcing and its Applications

Crowdsourcing is the practice of using information and communication
technologies (ICT) to harness the skills and interests of a crowd of people who act as a
key to solving problems and drive innovation at every phase of the project (Eitzel et al.,
2017). Thus, crowdsourcing realizes specific tasks, such as data collection, by a network
of people (contributors) who are not doing so for their usual professional activities, which
is also termed as citizen sensing (Boulos et al., 2011). There are numerous task-based
crowdsourcing scientific projects, including, classification of landmass based on earth
imagery available online through Google Earth and Geo-Wiki (See et al., 2015). Google
Image Labeler is also one such example of crowdsourcing tasks where the platform is
built as a sort of a game, and users are asked to label pictures for improving images
search results (Geiger et al., 2011).

Crowdsourcing can also be used beyond micro-tasks for long-term continuous
data collection and a deeper understanding of the environment, which is called
observational crowdsourcing (Lukyanenko & Parsons, 2018). This form of
crowdsourcing can be used to harness the information gathering abilities and expertise of
humans in the environment in which they operate. One can find dozens of mobile

applications which support monitoring of environmental observations, for example,
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BirdLog (bird monitoring), Secchi (study on phytoplankton), Marine Debris Tracker (log

of coastline and waterways trash); a list can be found here: http://brunalab.org/apps/.

Wearable technologies and sensors in the health sector enable real-time data collection
and monitoring for huge masses of people (Kostkova, 2015). HealthMap

(https://outbreaksnearme.org/us/en-US/) is mobile crowdsourcing apps that use

geolocation for leveraging the power of the internet and mobile phones to provide a

unique level of citizen engagement and participation in their local communities.

Knowledge-based crowdsourcing is also a powerful tool to engage people in
generating information through knowledge-sharing portals and Q&A forums. In the field

of computer programming, https://stackoverflow.com/ is one of the primary sources of

information that have made the existing official software documentation obsolete (Treude
et al., 2011). Wikipedia (https://www.wikipedia.org/) is also an example of knowledge-
based crowdsourcing, which is a collaborative content management system. It allows
organizing user-generated content creating online encyclopedias (Kucherbaev et al.,

2016). Quora (https://www.quora.com/) and Yahoo Answers (which was officially shut

down on May 4, 2021) are some of the well-known online community-driven Q&A

forums, which are generic in nature (Zhao et al., 2015).

2.3.2. Agricultural Applications of Crowdsourcing

The citizen scientists contributing towards crowdsourcing may or may not receive
a monetary contribution for their service (Schenk & Guittard, 2011). The internet boom

has strongly supported crowdsourcing and citizen science initiatives over the last decade.
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In agricultural research, crowdsourcing is related to participatory research and

development projects (Van Etten et al., 2019).

2.3.2.1. Crowdsourcing of tasks

Crowdsourcing helps in getting simpler or complex tasks done by citizen
scientists. Pawar et al. (2015) point out that crowdsourcing helps in receiving better
quality results contributed from a large number of people who can offer their best ideas,
experience, and solutions. Posadas et al. (2021) demonstrated that a mobile
crowdsourcing application could collect high-quality ground data used in prescription
maps for precision agriculture. PlantVillage Image (Hughes & Salathe, 2016) is a plant
disease image identification dedicated to helping farmers identify pests and diseases that
affect their crops. By late 2015, more than 50,000 crop disease images of 16 crops were
available through the platform. Skilled technicians provided most images who took high-
quality pictures of the infected leaves following a thorough protocol. In a similar manner,
Rahman et al. (2015) used a combination of computer-automated imagery and two levels
of crowdsourcing for weed identification. First, non-expert people attempt to perform
weed identification if not already done by the computer. Second, experienced agricultural
experts validate the identification and contribute to non-classified images. Pictures are
initially taken by farmers who then benefit from weed identification along with weed

control and management.

29



2.3.2.2. Crowdsourcing of local visual observations

Crowdsourcing also helps gather visual observations with the help of local people,
allowing the collection of large amounts of data without engaging field officers. Such
application of crowdsourcing is prevalent in the field of biodiversity and environmental
monitoring. According to Kelling et al. (2015), people who engage in bird monitoring
record visual observations and communicate them with short notes and pictures uploaded
on a web platform. One can find several crowdsourcing initiatives in environmental
sciences, but there are only a few examples of widely-used initiatives in agriculture. Van
Etten et al. (2019) proposed and implemented pilot studies in India, Africa and Central
America for crop breeding and improvement based on a crowdsourcing system that
recorded local visual observations. Farmers were asked to provide details about their
observations to extension officers and researchers, with or without monetary
compensation. The farmers received crop seeds for participating in the research, which

was at a very small scale.

2.3.2.3. Crowdsourcing through sensory systems

Another initiative is crowdsourcing of data from disseminated sensor
measurements using permanent or portable measuring devices. The agricultural sector
has been using GPS-driven machinery, low-cost environmental sensors, and mobile
devices equipped with sensors to gather a larger amount of data, indicating the use of big
data in agriculture (Wolfert et al., 2017). PocketL Al is a mobile application developed by

Francone et al. (2014) which enables measuring leaf area index of a crop using
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accelerometer and camera of an ordinary mobile phone. Leaf area index is the total
surface area of one side of leaf tissue per unit ground surface area, which is a commonly
used variable in the crop and remote sensing to assess biomass of a crop and monitor its
vegetation growth (Francone et al., 2014). However, farmers are not aware of this
variable per se as it is a scientific term used by researchers in the agricultural field. Marx
et al. (2016) contributed another participatory experiment where mobile phone GPS and
cameras were used to measure the height of maize crops. The experiment concluded that
measuring the maize crop with a simple ruler is a more robust method than the process of

taking images by phone camera.

A few applications are developed with the use of crowdsourcing, which caters
more to the farmers’ needs. For example, Wageningen University and Research in the

Netherlands developed the Akkerweb platform (https://akkerweb.eu/en-gb/), which

allows centralized crop field information combined with satellite and soil data for
providing integrated cropping plans to the farmers. The information is then shared with
consultants to optimize crop production at the field scale. However, the data gathered for
the project is only single-use as they do not use it for further research or operational

applications.

2.3.2.4. Crowdsourcing of knowledge

Crowdsourcing is used as a powerful tool to gather information and knowledge
through user-generated content web platforms, Q&A forums, knowledge portals, and

discussion web platforms. The knowledge-sharing portals act as a platform where the
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contributors generate information through questions and answers, moderated by the
administrator or other contributors. Readers make themselves aware and build their
knowledge by participating in the crowdsourcing process through contributing answers
for survey questions (active use) or gathering information through content posted on the
forum (passive use). Bruce (2016) implemented the crowdsourcing knowledge initiative
in the agricultural field by developing a platform, Cropotech, to provide information
about weeds, pests and crop diseases to the farmers in the UK while establishing a two-
way relationship between researchers, who designed the platform, and the farmers.
Several agricultural Q&A forums operate in local languages and are based on regional
contexts (Hansen et al., 2014; Hughes & Salathe, 2016). These forums help researchers to
get the know-how, disseminate new technologies and practices, and validate awareness
and knowledge in the community. Major topics covered in similar knowledge-based
portals in agriculture include advice on the use of agricultural machinery, trade and
market trends, pest and crop disease identification, agricultural regulations by the
government, informal discussions, and trends in agricultural technology. Some farmers
also run online blogs on agriculture to share their know-how and work with the general
public and other farmers. These knowledge portals help disseminate new agricultural
practices and technologies on a global level, for example, Big Data in agriculture and

organic farming.
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2.3.3. (itizen Science and its Applications

Citizen science is a form of modern participatory research, and it is a narrower
subset of crowdsourcing. It aims to engage the general public for collaboration in
scientific research, producing new scientific knowledge and increasing public
understanding of science and democratizing the research process at the same time
(Cooper et al., 2015). The citizen science projects are often in partnership with or under
the direction of professional scientists and research institutes, which help society to find
solutions for modern problems. Participatory research through citizen science using
digital crowdsourcing approaches has the potential to engage a large number of
volunteers to be citizen scientists and generate large datasets for more wide-ranging
analysis. For example, the public can participate in data transcribing projects using Sensr
for converting physical data into digital data (Kim et al., 2013). Researchers are also
exploring ways to use existing systems as alternative platforms for facilitating citizen
science. Twitter is one such platform that supports distribution participation from people
on an everyday basis (Demirbas et al., 2010). It is a good platform for publishing time-
critical incidents such as disaster reports or activities related to rescuing and less for
reporting observational data. Galaxy Zoo is another web-based interface project which
involves interpreting more than 100 million galaxy images by general people (Raddick et

al., 2010).

Ushabhidi (https://www.ushahidi.com/) is a platform that uses custom web forms,

PHP and MySQL for building a collaborative reporting environment that aggregates and
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shares information provided by citizens (Kim et al., 2013). It was created after elections
in Kenya for reporting violence during elections (Williams, 2013). It is a web and SMS-
based open-source platform that combines GIS information with time, allowing a person
to filter by place and time, making it ideal during disasters (Boulos et al., 2011). The
platform has been used for violence, elections, disasters, reporting of corruption and
cholera after an earthquake in Haiti and in Uganda, Kenya, Nigeria, Libya, and Egypt
(Freifeld et al., 2010; Williams, 2013).

Individuals participate in different kinds of projects to learn, contribute to science,
and the community, enact change and increase their general awareness. With proper
training and matching individuals with appropriate tasks according to the expertise, the
volunteers of all age groups can provide valuable contributions, broaden the scope of
citizen science projects, and help in gaining efficiency in the research without

compromising on data quality (Ellwood et al., 2017).

2.3.4. Involvement of Farmers as Citizen Scientists

Farmers are the critical source of information for improvement in agricultural
policies and research. However, a large percentage of farmers do not respond to the
traditional surveys mainly because of the period in which field officers approach for data
collection, lack of compensation, and perceived length of questionnaire (Pennings et al.,
2002). Our online platform’s data collection portal will provide less time-consuming
surveys and more freedom to the farmers for completing the survey. The data

dissemination portal will provide solutions to farmers’ concerns about the latest farm
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techniques, government policies, interaction with the farming community, and others. It
could also serve as a go-to source of data collection for the researchers. Social media and
online platforms enable increased access to information by the farmers even during their
workday and provide a digital blended learning tool to adopt technology, share

information and improve the agricultural sector (Casey et al., 2016).

The most crucial factor for the involvement of the farmers is to motivate and
engage them. Agricultural management, improvement of farming machinery, access to
the latest information of technological changes and government policies are some of the
ways to increase farmers' awareness and include them in data collection processes.
Agricultural management for effective adaptation and improvement depends on both
farmer willingness and capacity to pursue such actions (Sran, 2019). The disparity
between creating meaningful and critical information for farmers and its actual
dissemination or use by the stakeholders in farming practices presents an information
usability gap. This topic has similar applicability as the climate information usability gap,
which shows the gap between what scientists understand as helpful information for the
creation of climate knowledge and what users in the agricultural community recognize as
usable in their decision-making process (Lemos et al., 2012; Prokopy et al., 2017). The
gap in the application of agricultural research to decision-making points towards: (i)
challenges of how decision-makers perceive the credibility and legitimacy of knowledge;
(i1) examining how new information fits with existing techniques and knowledge; (iii)
how and what challenges arise when the scale of knowledge of farming information

creation and use are mismatched; (iv) decision-makers concern for political impacts; and
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(v) psychological well-being of stakeholders (Birthal et al., 2015; Marimuthu et al., 2017;

Meera et al., 2004; Minet et al., 2017; Rhoades & Aue, 2010).

Integrated and participatory approaches have been advocated as an effective
manner to overcome the usability gap, deliver complex and challenging science-based
information and support agricultural communities in adapting to agricultural
modernization (Minet et al., 2017; van de Gevel et al., 2020; Van Etten, de Sousa, et al.,
2019). A recent literature has criticized academic knowledge for failing to serve the
community and stakeholders outside academia and advocating for greater emphasis on
creating more useful scientific research (Clark et al., 2016). This requires a shift in
delivery models of science communication from one-way “data seeking” to a better two-
way, collaborative and participatory relationship where both researchers and stakeholders
are reasonably engaged (Eitzinger et al., 2019). Approaches to bridging the gap have
reflected the importance of networks in supporting farmers learning for improved

management (Casey et al., 2016; Schneider et al., 2009).

Farmers of sub-Saharan Africa and South Asia emphasize the personal
relationship and reputation of individuals rather than professional titles when evaluating
new information (Hujala et al., 2009; Wood et al., 2014). Farmers also like to know how
the research results can be applied on their own farms to benefit from the researchers’
work (Van Etten, de Sousa, et al., 2019; Wood et al., 2014). Our research works on this

same line and emphasizes on involving stakeholders in the process of knowledge
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production. The intent is to bring farmers and researchers together to improve agricultural

research and draw benefits that can be used in actual farm activities.

Farmer organizations and networks also play a vital role in guiding and
supporting the farming community (Nelson et al., 2019). Farmer networks and extension
services are also identified as a pivotal platform to share knowledge and play a critical
role in driving innovation to the agricultural knowledge systems. Farmer networks can
thus play an essential part in motivating farmers to adopt an online platform for data
collection, data dissemination and serve as citizen scientists and become a valuable asset
to promote the development of the agricultural sector (Ryan et al., 2018; Van Etten, Beza,
et al., 2019). Farmer groups offer to share practical knowledge, which they accumulate
from their own experience (Berardi, 2002; Kroma, 2006), but they need access from
outside expert information to drive innovation (Dolinska & d’Aquino, 2016). Connecting
the farmers directly with the researchers facilitates trust and interactive processes crucial
for collective action, shared decision making, idea testing, and information processing
into a planned course of action (Kroma, 2006; Rao, 2007). Peer networks within
communities create a social multiplier effect that significantly impacts management

decisions (Hogset & Barrett, 2010).

Local farmers’ knowledge and involvement in agricultural research have proven
to make a considerable contribution towards agricultural sustainability and resilience
(S@imane et al., 2018). With our website design of incorporating online surveys, we

attempt to reach a broader range of geographically scattered farmers and voice their
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opinions and farming practices to reflect upon the research in the agricultural domain.
Our approach recognizes farmers as experts and crucial partners for research and bringing
innovative solutions to bring a positive change in agricultural practices. The approach to
putting farmers’ interests first places farmers’ opinions as essential in designing
interventions required to successfully meet new and evolving challenges and highlights a
flexible evolving knowledge system that influences necessary innovations (Scoones &
Thompson, 1994). Our study identifies an online data exchange platform as an ideal place
for data collection for agricultural research and data dissemination for increasing farmers’
awareness for innovation and growth. Documenting strategies and farming practices
emerging from agricultural research and delivering it back to the farming community is a
way to provide essential information for growth in the agricultural sector by reflecting the
needs and ideas of the farmers (Scoones & Thompson, 1994; Van Etten, Beza, et al.,

2019).

From the literature review, it can be ascertained that there is a vast potential of
using crowdsourcing and citizen science practices in agriculture. Many researchers and
organizations worldwide are trying to explore the best practices to benefit the agriculture
sector. Another observation is that very little research has been done on implementing
crowdsourcing practices in Indian agriculture, which supports our motivation to work on
our study. In the next chapter, we propose design system requirements for our online

web-based platform.
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Chapter 3. Website Design Requirements

3.1. Introduction

Creating a platform for delivering and collecting information electronically for the
agricultural sector requires active farmers’ engagement, information processing,
evaluation, and compliance to standards set by the agriculture department (Sun & Zhang,
2010). To effectively facilitate the presentation of agricultural information for the
farmers, it is essential to design a system based on the user’s needs and to incorporate
interaction design and usability principles. Previous works based on user-centered design
have also mentioned that usability positively influences the user satisfaction and

continuance usage intention of web-based platforms (Martinez Pérez & Turetsky, 2015).

Incorporating usability principles and interaction design in system development is
mostly conveyed via its interface design. A good interface facilitates the users in
performing their intended tasks effectively and efficiently without much distraction.
Some of the widely used interface system design methodologies are User Centered
Design (UCD) and Activity Centered Design (ACD). UCD works based on the interests
and needs of the users focusing on making the system usable and understandable (Abras
et al., 2004), whereas ACD focuses on the activities that users should be able to perform
by using the design system (Norman, 2005). ACD is applied when we have
heterogeneous user groups and the goals of the users vary, but the user activities are more

common (Norman, 2005). In this study, we have combined UCD and ACD to
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accommodate data collection requirements by the researchers’ and farmers’ requirements
thoroughly to ensure the delivery of information in the easiest and most acceptable
manner. Thus, the involvement of researchers and farmers throughout the system
development process was essential (Puspitasari, 2016). The ACD design process includes
specifying the organizational requirements, the context of use, designing and evaluating
the solution against the organizations requirements , and the UCD design process,

including the same steps but focusing on the user’s requirements (Maguire, 2001).

The governments central and regional agricultural department websites are
responsible for providing information about agricultural resources to farmers and offering
extension services. However, the websites are mostly built representing the department’s
perspective and internal consensus without involving the actual stakeholders’ feedback on
platform improvement. This subjectivity leads to the unfulfillment of essential
requirements and nullifies online web-based platforms goal s to support the users. Often,
users get overwhelmed by tons of information on a single page and end up being unable
to find the information for which they are looking. Considering the problems in existing
platforms, our research aims to create a prototype platform based on recommendations

and feedback from users to improve information exchange and user experience.

3.2. Methodology

We chose the design science research methodology (DSRM) process (Peffers
et al., 2007) because it is the best fit for this study. It is used to improve the system

design and its output as an IT artifact. Peffers et al. (2007) proposed and developed a
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DSRM methodology for the production of design science research consisting of six

activities, explained in Table 1.

Table 1: Design Science Research Methodology (DSRM) Peffers et al. (2007)

Research Step Description Entry Point

1. Identify Define the specific research problem | Problem-centred
problem & and justify the value of a solution Initiation
motivate

2. Define Infer objectives of the solution from | Objective-centred
objectives of a | the problem definition and Initiation
solution knowledge of what is possible and

feasible

3. Design & Create the artifact Design &

development Development-

Centered Initiation

4. Demonstration

Demonstrate the use of artifact to
solve one or more instances of the
problem

Client/Context
Initiated

5. Evaluation

Observe and measure how well the
artifact supports a solution to the
problem

6. Communication

Communicate the problem, its
importance, artifact, its utility and
novelty, the rigour of its design, and
its effectiveness to researchers and
other relevant audiences

DSRM is a problem-solving paradigm that is applied for the design,

development, and creation of an application system. Out of the four research entry

points, the applicable entry point depends on the intended purpose of the project. For

our study, we start with Design and Development-Centered Initiation. The process
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can proceed with iterations, for example, after evaluation in step 5, going back to

step 2 for seeking a solution (Peffers et al., 2007; Venable et al., 2017).

Problem identification and defining objectives are covered in Chapter 1 of
this study. For the research, the following steps of design science research
methodology are performed, including design and development, demonstration,
evaluation and communication. The research process for this study based on Design

and Development-Centered Initiation is shown in Figure 1.

Process Iteration

! '

Identify » > » >

Problem & Define
Motivate Objectives of Design & 3 . X’ Evaluation > ¢ | Communication

§ a2 Solution - Development E Demonstration % Py § 5 o
Develop a @ ) g . H Prototype, | & 3 Use of = % PLIb|ICat.I0n of
) data k] Evaluating £ Online web S providing "3 | prototype by | g 3 | resultsin the
Nominal process exchange = usability, based data o 82| endusersto | 3 2 | studyand on
) ; = proof-of- =22 .
sequence platform for functionality exchange 2 concept | B obtain the prototype
Indian farmers and design platform £ = feedback platform
and requirements
researchers

Design &
Development-
Centered
Approach

Possible Research Entry Points

Figure 1: DSRM Process for data exchange platform based on Peffers et al. (2007)
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3.3. Design and Development

In the first phase, we specified the context of use by identifying the users and
assigning the use context. We interviewed and had discussions with four farmers and
four researchers to gather requirements from the perspective of both provider and
user. The participants were selected by coordinating with the Dean of Punjab
Agricultural University. The university provided details of four researchers and four
farmers who have been actively involved in research aligning with our thesis. The
participants gave informed consent and were asked to evaluate and share their
experiences about regional and national government agricultural websites as part of
the initial phase for designing the prototype-1. The participants also provided
feedback on the survey questions before we used it for the sample population. For
assigning the context of use, we evaluated the existing websites based on heuristic

evaluation and general feedback from farmers’ and experts’ perspectives.

The second phase focused on developing ACD and UCD design systems
based on feedback received as part of phase one, researchers’ and users’
requirements, identification and analysis of user tasks from the government
agricultural website. The output of phase two was user tasks analysis and designing a
base model for prototype-1. Phase three comprised developing the solution to
transform user requirements into a prototype platform of the user interface. The
design and development of interaction design are revised as prototype-2 based on

further recommendations made by the participants after using the prototype website
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for helping in data collection and using it to acquire agricultural information. Final
revisions based on farmers’ feedback were made to recommend the interface design
proposal. The final version of the prototype can be accessed at

https://www.askfarmers.info/. The research model for the website interface is shown

in Figure 2, which is derived based on UCD, ACD and the design science research

process (Abras et al., 2004; Norman, 2005; Peffers et al., 2007).

T

A 4

Specifying context of Identifying user

No P > .
use requirements
A 4
Does it meet the Evaluation of solutions | Designing & developing
requirements? against requirements | the solution

Yes

!

Interface design 4»( End )
proposal

Figure 2: Research design based on steps proposed by Abras et al. (2004); Norman
(2005); Peffers et al. (2007)
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3.3.1. User ldentification and Context of Use

Based on initial contact with four farmers and four researchers to study the
existing websites and literature review, four user classes were identified as described in
Table 2. Although we have defined four user classes for the purpose of generalizability of
this study, we have focused our study majorly on farmers as they are the primary
expected users and beneficiaries of the platform. Data collection and user participation

are centred on farmers for in-depth and detailed analysis of the specific user class

experience with the prototype platform.

Table 2: User Identification

User Class

Usage Purpose

Farmers

1

. Input agricultural data in farm surveys.
2.
3.

Retrieve agricultural information from researchers.
Access government’s updates and policies related to
agriculture.

. Connect with the farming community.

Researchers

W=

. Create farm surveys for data collection.

. Retrieve agricultural information from farmers.

. Publish research to create awareness among farmers.

. Support farmers’ decision making through community

assistance.

Government

—

. Monitor the information provided on the platform.
. Administer sharing of correct information with all

stakeholders.

Society

—

. Access general agricultural trends.
. Download agronomic data.

3.3.2. Assigning Context of Use

Initial feedback from the participants of phase one for the existing websites was
used to assign the context of use. The constructs measured for the website design

assessment includes relevance, reliability, scope, and perceived usefulness. We used a
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five-point Likert-type scale ranging from extremely unlikely (1) to extremely likely (5) to
measure the questions for each heuristic indicator. The feedback from the participants
resulted in narrowing down heuristic indicators for the website designing to the
following: aesthetic and minimalist design; visibility of system status; consistency and
standards; match between system and the real world; flexibility and efficiency in usage,
use control and freedom; and help and documentation (Gémez et al., 2014). The heuristic
indicators included questions about website content usefulness, reliability of resources,
relevance of information for the users, and scope of information provided on the website.
The participants also provided their input about navigational design and website

aesthetics.

As part of the initial testing phase, four farmers and four researchers contributed
to the design requirements and development of the website platform. The farmers
reported a high preference for minimalist design and user support services. One
respondent expressed support for minimalist design, “too much information on one web
page increases confusion.” Another farmer stated, “overcrowded information makes it
difficult to find what we are looking for.” The farmers suggested including figures, video
tutorials and recommendations of other farmers on the website to help understand new
concepts. Farmers showed great interest in using feedback forms to communicate their
needs to the researchers and the government. The researchers supported adding
information from government sources and including details of services offered to
farmers. One of the researchers mentioned, “inclusion of government verified

information resources on the website can increase credibility and trustworthiness.”
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Another researcher stated, “having a discussion forum to facilitate direct communication
between researchers and farmers can induce more involvement of farmers in research and

provide a better understanding of farmers’ needs to the researchers.”

3.3.3. Identifying User Requirements

Table 3 shows user requirement analysis based on feedback received from the
participants in phase one. F1, F2, F3, and F4 refer to the four farmers and R1, R2, R3,

and R4 refer to the four researchers who contributed to the initial testing phase.

Table 3: Proposed design requirements based on participants feedback in phase one

Proposed Requirement Participant

Concise and straightforward user interface design F1, F3, F4, R2, R3
Direct communication between farming community | F2, F3, R1, R2, R4
and researchers

Inclusion of documentation from government F2,R1,R3
agricultural website

Sharing services offered by extension services and F1,F4,R2, R4
the government

User feedback service F1, F2, F3, R1

3.3.4. Task Analysis

As part of phase three, we performed task analysis for the user classes. The tasks
were identified with the help of our participants. We reviewed our user profiles and came

up with questions, including:

e What are the users looking for when they come to visit our website?

e What do they hope to achieve by coming to our website?
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e What information are they looking for?

e How do they currently perform these tasks without our website?

By creating the task analysis, we were able to conform our website design with
the user’s view of the task. We created scenarios as a technique to focus our website
design on the real-world tasks. We were able to identify what the audience is trying to
achieve when they come to our website and were able to determine the desired content

and website design aesthetics that was essential to fit to the users’ needs.

The task analyses integrate user identification from a service providers
perspective and the requirements from the user’s perspective. Table 4 shows the results of
task analysis for each user class. The task analysis table highlights the tasks that a user
must take in order to achieve their goals. It helps in refining the prototype expectations
based on users’ goals realized through discussions with the users and through an

understanding of how users interact with agricultural information websites.
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Table 4: User Tasks

User Class

Task

Farmers

1.1.

Access the online web-based platform

1.2.

Provide agricultural data through farm surveys on the website

1.3.

Seek agricultural information

1.4.

Connect with farming community and researchers

L.5.

Submit feedback related to the website and the available
information

1.6.

Download data and documentation

Researchers

2.1.

Access the online web-based platform

2.2.

Seek data accumulated through farm surveys

2.3.

Upload research results on the website

24.

Connect with the farming community to address their concerns

2.5.

Download data and documentation

Government

3.1

Access the online web-based platform

3.2.

Monitor the activities by accessing the content posted on the
website related to agriculture

3.3.

Understand the farmers requirements and share accurate
information accordingly

3.4.

Download data and documentation

Society

4.1.

Access the online web-based platform

4.2.

Submit feedback related to the website and the available
information

4.3.

Download data and documentation

3.4. Designing and Developing the Solution

As part of phase three, we designed and developed the website interface. The first

step for designing the platform was to create a content design. The content design defines

the content, layout, structure, and outline of the website content consistently. The

interface should be intuitive and easy to use, eliminate dependency on third-party

platforms by providing contextual and accurate information through trusted sources,
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provide a wide range of and in-depth agricultural information according to the users’
needs, facilitate smooth and straightforward data collection process, and support
interaction among farmers and the agricultural experts. The content design focused on the

content of the prototype website, aesthetics and navigational design.

Existing website platforms for information sharing with users have a complex
interface with clustered information on each webpage, making it difficult for the user to

achieve their goals after visiting the platform. Some Indian government agricultural

websites (for example, https://www.pau.edu/ (Figure 3), http://mkisan.gov.in/ (Figure 4),

https://farmer.gov.in/ (Figure 5)) are not mobile-friendly, and farmers tend to access
agricultural information through their mobile phones on the go instead of using other
desktop devices. Due to this reason, we have given importance to the navigation and
aesthetics design along with the content and usability of the website platform (Figure 6).
All the screenshots shown below are taken on an iPhone. Our platform serves as a
medium for crowdsourcing knowledge to assist Indian farmers in getting information
about technological developments, farming practices, market trends, weather, and
government policies and for helping researchers gather information on how to improve
agricultural sector research. Since the platform is majorly used by the farmers, the design

is kept simple for ease of use and adoption.
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Figure 3: (a) Mobile website screenshots of Punjab Agricultural University homepage
and (b) their farmer portal

We can see the homepage of the Punjab Agricultural University website in Figure
3(a) and the homepage of the Kisan (Farmer) Portal in Figure 3(b). In both the
screenshots, one can observe that the web pages are not mobile-friendly as the font size is

too small to be easily read on the phone, and both web pages are filled with hyperlinks to
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PDFs and other web pages. The information looks very cluttered for a new user and
makes it challenging to find the information for which a person came to the website in the
first place. The participating farmers stated this problem about existing platforms, and

based on their suggestions, we designed and built our platform.

Search

i : e
[« (S Peeee (@5

AA mkisan.gov.in X AA Not Secure — mkisan.gov.in &
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Figure 4: Mobile website screenshots of mkisan.gov.in

Figure 4 shows screenshots of http://mkisan.gov.in/ website on a mobile phone.
One can see that this website is not mobile-friendly as the web page content is not

completely visible in a mobile screen frame. A user has to swipe the content horizontally
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to see the entire page content, and there is no indication to guide a user about it. The font
size is small, and the web page has a yellow marquee ribbon (scrolling text) on the top,

which is not even loading correctly and, as a result, is flickering on the website.
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Figure 5: Mobile website screenshots of farmer.gov.in (a) error message because web
portal is not secured (b) homepage of farmers’ portal
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Figure 5 shows screenshots of the https://farmer.gov.in/ website on a mobile

phone. In Figure 5 (a), when we tried to access the website on the phone, we got an error
message that the website connection was not secured and might result in the stealing of
personal information. We continued to visit the website irrespective of the security threat
to determine the mobile user-friendliness of the platform. Figure 5(b) shows that website
is not mobile-friendly as the web page content is not completely visible in a mobile

screen frame (same case as with http://mkisan.gov.in/). A user has to swipe the content

horizontally to see the entire page content, and there is no such indication to guide a user

about it.
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Figure 6: Screenshots of the prototype web-based platform

Figure 6 shows that the prototype web-based platform is mobile user friendly, has
a readable font size, navigational arrows and indications, and provides information to the

user in a less-cluttered manner.
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3.4.1. Information Content

Content design of a website is based on setting clear goals for each webpage of the
website and making sure that the user aims to complete the task for which they accessed
the website platform. Content design is a convenient manner to increase a website’s
usability and encourage visitors to visit the platform more frequently (Hu & Kuang,
2014). Information Content of a website platform refers to information that is of high
quality, assessed by the user to be complete, sufficient, and effective for achieving their
goals to visit the website (Cyr, 2013). Based on the user task analysis, we accessed

quality content for the users from the reliable agricultural government website resources.

The content on our platform is arranged in such a manner that the user does not feel
overwhelmed with the information, and at the same time, is able to fulfil their
information goals after landing on our platform. We can see in Figures 3 to 6 how content
is made available to the users on existing websites and how content is posted on our
prototype platform. Figures 3 to 5 shows that existing websites have a lot of hyperlinks
and buttons without any categories, which can make it challenging for a first-time user
who lands on the page to find some information. To troubleshoot this problem, we
categorized information on our prototype platform based on farmers’ feedback that we
received through the farmer survey. The prototype website provides the users with the
opportunity to participate in data collection surveys for agricultural research, use services
of a knowledge portal, including information about the latest farming technology,

research updates, government policies about agriculture, weather according to the user’s

56



location, and involve in a discussion forum with farmers and researchers for farming

advice and sharing experiences.

3.4.2. Aesthetics Design

The success or failure of a design is dependent on whether it can satisfy the users’
needs in a friendly or efficient manner (Hu & Kuang, 2014). Web designing is much
more than putting all information elements, functions, or buttons together (Fowler &
Stanwick, 2004). Integrating public aesthetic psychology with the websites goals directly
affects the web interaction and site recognition by the user community (Hu & Kuang,
2014). According to Puspitasari et al. (2018), aesthetics in interaction design refers to
coordination between function and layout to unify aesthetic feeling between intrinsic
purpose and external form. When users interact with a website platform as per their
expectations, they feel a sense of order, and their impulsiveness and anxiety for

information fade away (Gomez et al., 2014).

Figure 7 shows the website prototype’s “Data Collection” page view. Theme colours,
layout and font schemes are part of the aesthetics design. The selected theme colors for
the proposed website platform are white (hex code: #C7C7C7), brown (hex code: #
E8AS05), grey (hex code: # SD6A83), and green (hex code: # 61BA89). The theme
colours were selected based on themes of existing agricultural websites and to
accommodate the colour-blind users in the community (Fowler & Stanwick, 2004). Also,
green is the most common colour to represent agriculture, plants and nature, followed by

earth tones like brown, yellow and beige (Agriculture Logo Ideas: Make Your Own

57



Agriculture Logo - Looka, n.d.). Images, videos and icons used for the website design are

inspired by the agriculture sector and existing information sharing government websites.

i6i Agro Thesis Home About Data Collection  Farmer Support ~ Contact

B R i e A
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information and to begin your participation =
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Figure 7: Data collection webpage view

In the first website prototype redesign, user requirements included specific needs
for less complex and easy-to-read material. Thus, the pages are not clustered with
overwhelming information to make it easier for the users to understand the goal of each
page. Around 10% of the world population is dyslexic, according to the International
Dyslexia Association, so we also selected the font schemes (Helvetica, Verdana, and
Arial) with the highest readability to facilitate reading for people with dyslexia (Rello &

Baeza-Yates, 2013).

3.4.3. Navigational Design
The basic website layout for the homepage and all content pages is the same: a

header on the top, a navigation menu towards the top right side, content in the central
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body portion, and a footer on the bottom. The top menu consisted of Home, About, Data
Collection, Farmer Support (Data Dissemination) and Contact. “Farmer support” offers
different areas of information to the farmers, so the category has a drop-down sub-menu
with classes under the same navigation bar. To make the websites primary purpos e clear,
we placed the main goals as headings in the navigation menu to enable more significant
exposure. The main menu that shows the highest user interaction level is on the top of
the page in a desktop view and on the right-hand side in a mobile view. Since the website
is a prototype and meant for research purposes only, it is mentioned clearly in the
“About” section of the website. There are “Data Collection” and “Farmer Support”
headings in the navigation menu to provide ease of access to the user for navigating
through the website according to their area of interest. The website’s navigation layout
facilitates the user to have faster and more accessible content surfing. Figure 8 shows the
layout of the web navigational home page in desktop view, and Figure 9 shows the

navigational layout in mobile view.
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Figure 8: Navigation design of homepage in desktop view
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Figure 9: Navigation design of homepage in mobile view

In order to help users navigate and feel the confidence to continue using the

website, we added a feature to highlight the cursor or touch to tell the users about their
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current position on the webpage. As they move the cursor around the website, the
clickable links and buttons change colour so that the user can know where they are and
where they can go on the website. The fonts and designs for the website remain

consistent to make it visually pleasing and ease website interaction for users.

3.4.4. Designing the Platform

Based on internal testing of the existing websites with four researchers and four
farmers, we worked on improving the design requirements of the platform. We created a
design template based on user requirements and task analysis. Possible user interaction
scenarios for each web page were discussed, and possibilities to add a broad range of
information for the farmers were explored. The last step was building the website

prototype-1 based on the initial recommendations.

After building prototype-1, external testing was performed using the website

prototype. The website URL was selected as https://www.askfarmers.info/ to keep it

simple and easy to remember by the farmers. The selection of participants is explained in
detail in the next chapter, Research Methodology. The platform was made available to all
the participants, and they were asked to use it and provide feedback about the overall
interface and suggest further improvements. Based on the evaluation of participants’
feedback, the final prototype was built. The feedback received from the participants is

described in detail in the Results & Discussions section.

Figures 10, 11 and 12 show the updates made based on participants’

recommendations. Figure 10 shows the “Farmer Support” webpage, which provides
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https://www.askfarmers.info/

agricultural information to farmers on various interest areas, broadly categorized into five
sections: latest farm tech, research updates, government policies, weather, and farm club.

The categories are described in the Results & Discussion section. All these categories

were added based on participants input in the website feedback survey.
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Farmer Support
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LATEST
FARM TECH
Check weather Get in touch with
Find out about the One stop for all updates to plan your other farmers to learn
. \atast. updates about farm activities and share some tips &
farming equipment government policies Read More > tricks

Read More > Read More > Read More >

CONNECTING FARMERS AND RESEARCHERS © 2023 ALL RIGHTS RESERVED. ASHMEAN KAUR SRAN

Figure 10: Screenshot of "Farmer Support” webpage

In Figure 11, a screenshot of the “latest farm tech” webpage is presented, which
includes information about the latest technological advancements in the agricultural
sector, which the farmers can use to improve their agricultural practices. Figure 12 shows
the “government policies” webpage, which mentions different government policies,
schemes and guidelines for the farming community. Designing all these web pages are
inspired by the existing government websites for familiarity and easy adaptability. The
website interface has multi-level page visual consistency, logical organization, and

functional salience, giving the users confidence to quickly grasp logical functions of the
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web platform throughout the website and confidence to use the site features (Hu &

Kuang, 2014).

Agro Thesis Home About DataCollection  Farmer Support — Contact
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Figure 12: Screenshot of "government policies" webpage
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Chapter 4. Data Collection Methodology

4.1. Introduction

In this chapter, the approach used to test the data collection aspect of the website
platform is described in detail. Along with that, the survey tool used for testing the
prototype-1 version of the website platform is also explained. Both surveys are essential
to achieve the goal of testing various aspects of the prototype website interface. It helped
us to investigate the scope of using an online platform for agricultural data collection and
dissemination and bridging the gap between farmers and researchers. A survey was
conducted across Punjab state to gather quantitative information from the farmers across
the region about their experience of using the prototype online platform. Results from the

survey were analyzed and interpreted to support the research objectives.

4.2. Study Area

This study was designed to gather information from the farmers across the northern
region of Punjab state in India, using a random sampling approach. We collaborated with
local farmer networks, unions and agricultural researchers to solicit survey responses
from farmers through invitations sent via WhatsApp and email listservs of the farmer

networks.

Kleffman Group’s study (2018) indicates that the share of farmers connected to the

internet is increasing rapidly, and nearly all farmers will be connected in the near future.
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In 2016, the number of farmers with internet access rose from 13% to 17% towards the
end of the year. By far, the most common way to surf the internet is through mobile
phones; only a tiny proportion of them surf the internet through PCs or laptops. Another
report from Kleffman Group (2018) highlighted that over 70% of people in the Punjab
region had internet access on their phones in 2018. According to a survey in 2016, 25%
of Indian farmers obtained agricultural information through the internet, and this figure
rose to 41% in 2017. Mobile internet users in India have risen drastically in the last 4-5
years, and Punjab is one of the states with the highest mobile users in urban and rural
areas (Nielsen Holdings, 2019).

Punjab is a state with 1.09 million farming households, and it has a literacy rate of
76.7%, one of the highest in India (Rao, 2007). Punjab is also considered the food grain
basket of India and is one of Indias top producers of wheat (Grover et al., 2017; Singh et
al., 2017). Considering all the facts mentioned above, Punjab is the ideal state for data
collection as part of our study. It shows a willingness of the farmers to incorporate the
internet in their daily lives and farming activities in increasing day-by-day. These trends
indicate our platforms prospects for engaging farmers to collect and disseminate

agricultural data and connect farmers and researchers.

4.3. Choosing Participants

One hundred fifty-two respondents completed the farm survey, representing the
north region of Punjab from six districts of the state. After accepting responses from the

desired sample size, we performed data coding, reviewing and cleaning for further
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analysis. We used SPSS 27 (Statistical Package for Social Sciences) for descriptive and
quantitative analysis of the collected data and evaluated it towards the research
objectives. The omission or case-wise deletion process for data handling was used to
remove the missing data (Couper, 2017). We removed 20 responses due to incomplete
survey responses for mandatory questions. After data cleaning and removing the bad
data, 132 responses were used for data analysis. Of the 152 farmers who participated in

the “Farm Survey,” 125 farmers responded to the “Website Feedback” survey.

4.4. Random Sampling and Sample Size Calculation

We used Stratified Random Sampling for our study since this method of sampling is
widely used for farming surveys, and it increases precision and reduces variability,
providing accurate estimates over the entire population (Birthal et al., 2015; Central

Statistical Organization, 2007; Coe, 1996).

The same sample is used for both the farm data collection survey and the usability
testing survey. Increasing the effectiveness of the usability studies is an important goal
for Human Computer Interaction (HCI) researchers. Nielsen (2012) mentioned that most
usability testing methods never discover all the usability problems, even if a large sample
is used. He further said that it is more productive to balance time with finding problems
and fixing them. Schmettow (2012) asserts that sample size is primarily based on the
context of a study for usability testing. To find more major, minor and cosmetic problems

relating to design, navigation and the key goals and functions for which the system is
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built, it is ideal for 16+4 users for testing purposes (Alroobaea & Mayhew, 2014).
Considering sample size requirements for a farm survey and usability testing, we set a
sample of 100 farmers for both surveys to test the use of the online platform. Farmers
were invited from the Punjab, India, through local farmer networks, unions and
agricultural researchers to participate in the surveys and provide feedback about their

overall experience using the surveys and the website platform.

4.5. Demonstration of Online Farm Survey and Website Feedback Survey

The study used non-experimental descriptive and correlational survey research
designs. Combining different research designs is suggested to capture the best findings
with each method and allow triangulation of the research findings, thus raising the
validity of the results (Creswell & Creswell, 2018). An online web platform was
developed to link the researchers and farmers to seek valuable information for both
parties. It included a general introduction of the research model to the visitors to make

them aware of the project and its benefits.

The researchers can use the data collection feature of the platform for updating
new surveys on the website and collecting information from the farmers for their research
work. The farmers can use the same platform to help researchers in data collection by
acting as citizen scientists. Farmers can provide real-time feedback on agricultural
research conducted by scientists and farm surveys for improving agricultural practices

and supporting research work.
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The farm survey and website feedback survey were prepared based on six prior
surveys on similar themes (Appiah, 2018; Rhoades & Aue, 2010; Singh et al., 2017; van
de Gevel et al., 2020; van Etten et al., 2019; White, 2019). Four farmers and four
researchers trialled the survey, and then it was revised based on their feedback before
finalizing the survey. For testing the applicability of the data collection feature, we asked
the sample users to fill the farm survey based on their experiences and observations. The
farm survey was designed using Qualtrics and then linked with the online web platform.
The survey begins with an informed consent form, which was mandatory for all the
participants to agree before moving to the survey questions. The farm survey collected
responses from the farmers about their farmlands, experience with mail surveys and
online platforms, and information about wheat production. After completing the “Farm
Survey,” the participants were transferred to the “Farmer Support” webpage of the main
website. The participants were allowed to surf the prototype 1 version of the website
interface, go through all the webpages, interface with the navigational and aesthetics
design, go through the information provided to support farmers’ concerns on various
agricultural topics. In the end, the farmers were requested to complete a “Website
Feedback” survey by going to the “Contact” webpage and by clicking on the “GO”
button. The Website Feedback survey consisted of several questions that can be
categorized under four sections: website content, navigation, performance and general
questions (see Appendix 2). None of the pages were overwhelmed with information to

keep it simple and easier to grasp knowledge from materials available on the website.
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Based on the feedback received from the farmers, the website version was revised
to prototype-2, and future research suggestions were made to improve the online interface
design proposal. The platform clearly stated that it is built for a research project and
indicated that it was a university study about designing a platform for exploring the
potential of online practices to bridge the gap between farmers and researchers. The farm
survey was prepared so that the expected completion time remains under 20 minutes as it
is the recommended time length for web surveys considering the attention span of an
adult (Revilla & Ochoa, 2017). The website feedback had an expected completion time of
5 minutes. On successful completion of the survey, farmers receive information to
support farming activities and how to improve productivity from the researchers. The
consent for the survey clearly stated that the information collected from the respondents
would remain strictly confidential, and the respondents could call the project researchers
if they had any questions or concerns about the research (see Appendix 1). The contact
details for the researcher were also included in the consent form. The online surveys were
made available in English and Punjabi to make them accessible for a larger population of

farmers.

4.6. Data Collection Procedure

In the online farm survey, we collected demographics and farm and crop-related
information from the farmers and summarized the demographic variables to understand
the participants better. The online farm survey helped us understand its usage for farm

data collection. The variables covered in the farm survey include farmers’ age, gender,
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education level, farming experience, gross annual income, preference of survey language,
experience with in-person field surveys and preferred sources to seek support in farming
activities. The second portion of the survey evaluates the farmers’ experience with

existing information sources and their feedback about our prototype website.

Survey responses were solicited online through farmer networks via email listservs
and WhatsApp. The prospective participants were sent a maximum of three reminders to
enhance the survey response rates and, at the same time, avoid spamming or pressuring
the respondents (Blumenberg et al., 2019; Menon & Muraleedharan, 2020). The survey
was created using online Qualtrics survey software in English and Punjabi (regional
language) to optimize the questionnaire’s readability, usability and response rate. Using
the online survey software, we provided the participants with an option to switch between
two languages anytime during the survey according to their convenience. The participants
could see all the questions in both languages for clarity and better understanding. The
online survey platform provided google translation to translate surveys into different
languages, but we used an independent translator to translate the survey content and
information in the two languages. The purpose was to ensure that the original meaning of

the content remained the same.

The farm survey instrument was divided into eight sections with a combined total of
75 questions, including a majority of closed-ended questions, multiple-choice and Likert-
type questions with six short open-ended questions with a maximum of 100 characters.

The questions were framed to understand (i) farmers’ experience with usage of networks,
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information and technology in terms of agriculture; (ii) overview of landholdings and
farming equipment; (iii) wheat crop management practices; (iv) coping mechanism and
associated strategies; (v) demographic information; and (vi) feedback about the online
platform. Only a portion of the comprehensive survey results is reported in this study,
consisting of the results related to the research goal. The farm survey responses were
collected for the purpose of analyzing if online farm surveys are an effective way for data

collection from farmers.

The primary goal of the thesis is to understand the farmers’ experience with online
survey methodologies and resources provided by agricultural institutes and the
government, along with getting their feedback on how to improve the approaches. We
also asked for farmers’ feedback after using the website for improvement of the website
platform. Questions were asked about website navigation, content, performance, and
general feedback. The questions were framed to allow researchers to assess and compare
trends in the usage of online platforms for data collection and dissemination. We also
intend to improve the website platform based on the farmers’ feedback to increase their
tendency to continue using the platform for future research and information-seeking

purposes.

71



Chapter 5. Results and Discussions

5.1. Introduction

Chapter five presents and discusses the results as part of the Demonstration and
Evaluation step of the DSRM process. The chapter evaluates the “online farm survey”
and later discusses the “website feedback survey.” In the online farm survey, we collected
demographics, farm and crop-related information from the farmers and summarized the
demographic variables to understand the participants better. The online farm survey also
helped us in understanding its usage for farm data collection. The variables covered in the
first section of the discussion include farmers’ age, gender, education level, farming
experience, gross annual income, preference of survey language, experience with in-
person field surveys and preferred sources to seek support in farming activities. The
second section evaluates the farmers’ experience with existing information sources and

their feedback about our prototype website.

Data was collected from a sample of hundred thirty-two respondents. SPSS 27 is
used for descriptive and quantitative analysis. We began the analysis with descriptive
statistics such as frequency tables, bar graphs, pie charts and other measures of central

tendencies to summarize and evaluate the data for knowing the participants involved.
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5.2. Descriptive Statistics of Farm Survey

5.2.1. Location

With the advent of the COVID-19 pandemic and diminishing opportunities to
collect face-to-face data, internet-based online data collection tools offer a rapid and
robust alternative. We were able to collect data responses from different villages across
six districts of the Punjab region, India, even during the severe pandemic situation. The
different villages from where data has been gathered have been marked on the map, as
seen in Figure 13. It can be observed that we were able to collect data from both rural and
urban areas. Notably, we even received responses from farmers living close to the
national boundaries and these areas are often considered hard to reach. Thus, the use of
online data collection and dissemination platforms can help reach wide geographical

coverage.
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Figure 13: Geographic scope of survey respondents in northern Punjab, India
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5.2.2. Demographic Variables

With the farm survey, we gathered data about the farmers’ demographic variables,
including age, gender, level of education and income. Table 5 shows a breakdown of age,
gender and education level of the participants. As per the survey results, most
respondents belonged to the range of 20 to 40 years (44.03%). It suggests that Punjab has
a population of young farmers who are more tech-savvy and are more likely to respond to
online surveys. The age group classification in the survey is done based on paper-based
field surveys used by the government and agricultural institutes for data collection (Singh

et al., 2017; Van Etten, de Sousa, et al., 2019; White, 2019).

The farming industry is perceived to be male-dominated, and it was interesting to
find out similar outcome with the sample data—the majority of the respondents identified
as Male (80.3%) (Table 5). Studies link higher education levels to agricultural efficiency,
productivity, and the likelihood of using information sources to increase awareness
(Njelekela & Sanga, 2015; Vosough et al., 2015). The majority of the survey respondents
(51.88%) indicated that they have at least achieved a university-level education. Of the
sample, 40.6% has finished secondary education, and only 7.52% have a formal
education of less than high school. The educational background of respondents is in
alignment with the high literacy rate of Punjab (76.7%) (Rao, 2007). The statistics here

are suggestive of a well-educated population engaged in agriculture.
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Table 5: Demographics of the farmers who participated in the study (n=132)

Age Group Gender Education level

Category Response % | Category Response % | Category Response %

Under 20 9.7 Male 80.3 Under Class 10 7.52

20-40 44.03 Female 17.4 Class 10-12 40.6

40-60 37.31 Prefer not 0.8 Bachelor 36.09

to say program

Above 60 8.96 Other 1.5 Master program 9.77
Above master 6.02
program

The participants were given the option to switch between the languages at any
point of time in the survey and most of them preferred to answer the survey in the
regional language, Punjabi (PA-IN: 55.3%). We also used the farm survey to know about
the gross annual income of the farmers and to find information about any subsidiary
employment they have along with farming. The numbers presented in the survey are
according to the Indian numbering system because the gross annual income of the
farmers is in Indian currency. It is seen that people have more gross annual income when
they have a supplementary source of income. The majority of the respondents belong to
the lower-income category, and only 4% of the respondents fall under the high-income
category. Thus, the results reflect that the participants are marginal small to middle-class
farmers. The majority of participants who have earned more than Rs. 50,00,000 are
dependent on government sector jobs, and the people who spend full-time in agricultural

activities cannot make more than Rs. 50,00,000 annually (Figure 14).

75



Gross Annual Income distribution by Occupation
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Figure 14: Distribution of Gross Annual Income by Occupation of the Respondents

5.2.3. Farmers and Landholdings

As per the collected data, most of the farmers (87.6%) have their own land. Less
than 5% have taken or given their land on lease. The data suggests that most farmers are
well involved in the day-to-day administration and decision-making for their farmlands,
making them ideal for our study. Table 6 shows that the farmers who responded to the
survey had small to medium landholdings, and their houses and irrigation sources were
close to their farmlands. It also shows the most and least common farming equipment. It
reflects that the farmers are less likely to use the old and traditional farming methods and
adopt modern equipment for their farm activities. The experience of farmers in the
agricultural sector varies in the sample. Farmers with less than five years of experience
are in the minority (28.57%), whereas those exceeding five years of experience are more

than double in number with 71.43%.
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Table 6: Details of farm landholdings and farming equipment (n=126)

Total farmland area (acres) M= 8.75, SD= 8.38

Cultivable farmland area (acres) M=8.13, SD="7.15

Distance of fields from house (kms) M=2.17, SD= 3.60

Distance of fields from irrigation source M= 6.24, SD= 8.68

(kms)

Top three popular farm equipment Electric Motor (77.06%), Tractor with
accessories (58.72%), Modern plough
(51.38%)

Most common source of irrigation Submersible pump/ Tubewell (74.34%)

5.3. Results of Website Feedback Survey

The “Website Feedback™ survey aimed to understand farmers’ perspectives about
the overall experience with the website platform. We also asked them questions to
understand better their expectations to make further improvements and recommendations
for the future. Website feedback was focused on asking users about their experience while
interacting with the platform, the type of information they wish to see in the website
content, and their likelihood of returning to the website. The website feedback survey was
separately designed and made accessible to the study participants through the website’s

“Contact” webpage.

Based on the content and understanding of the websites usefulness, 82% of
farmers mentioned that they would recommend the website to other farmers, friends, or
family to seek agricultural information, whereas only 11% were detractors. Out of all the
respondents, 84.43% were highly impressed by the usefulness of the content, and 86.5%

of them liked the navigational and aesthetic design of the platform. Questions concerning
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website performance gathered satisfactory results, with more than 85% of participants
finding it easy to use, faster loading of links and webpages, and well-organized content.
Some participants also mentioned that less information clustering on our website
compared to some existing government websites made it easier to comprehend the
information. Overall, approximately 10% or fewer people showed disagreement or

provided critique to enhance the platform further.

The responses to open-ended feedback questions in the survey elicited both long
and short answers from farmers. For instance, when asked about the recommendations for
improving the website and further feedback, some farmers offered short answers such as
“well done” or “great work.” While others would list their ideas such as, “Kindly add a

comparison of per hectare expenditure with an average income of the farmer so that he

can know the net profit,” or “31T9q o 3infae Ifeorar 3o & o aRa ¢

which translates to “please inspire everyone to grow organic vegetables and crops.” Some
farmers gave more detailed feedback like, “Must provide information on latest farm
innovation and techniques. The marketing aspect is of utmost importance in Punjab, so
Minimum Support Price (MSP) data shall also be considered. Weather conditions too
shall be a part of data collection.” Some farmers suggested adding new features to the
website platform, including farmers success stories and a productivity calculator for farm
management. Overall, farmers provided valuable feedback for improvement in the
website content, including the latest farming technologies, weather information,

community networking to connect with fellow farmers information about pesticides, and
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average revenue of specific crops based on regions. We have incorporated some of these
suggestions to add new reading materials to the website as part of the final version
(prototype-2). Some of these suggestions are discussed in the future recommendation

section as well.

5.3.1. Sharing Agricultural Research and Farm-related Information with Farmers
Farmer feedback was collected for our online data collection and data
dissemination platform to suggest future improvements. Figure 15 shows that based on
farmers’ experience, the most preferred source of information for innovation and
adopting new farming techniques was “fellow farmers’ advice (18.82%)” followed by
“websites & internet videos (17%),” “social media (12.92%),” and ““agricultural
university support (9.83%).” With our online platform, we bring all preferred information
sources to one place for providing ease of access to the farmers. Akridge et al. (2000)
concluded that using internet-based resources increases the probability of a farmer
perceiving online information sources usefulnes s. The platform can provide information
about highly preferred topics by farmers, including the latest farming technology,
research on seed improvements to increase crop productivity, weather, and government
subsidies. It can be seen from the results that farmers had an overall positive experience
with in-person and internet-based support from experts in agricultural institutes. Thus, the
farmers studied appeared to be more receptive to information provided through expert

researchers and have provided very positive feedback for our online web-based platform.
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Figure 15: Preferred sources to seek agricultural information

5.3.2. Provide Ease of Access and Increase Participants’ Engagement

As per the survey results, 74.02% responded that field officers never came to
them for data collection, which is a somewhat surprising finding. With the help of the
online survey method, we managed to gather data from geographically distant farmers
living in small villages far away from main cities. Also, the farmers were given the option
to choose between the regional language (Punjabi) or English for added ease of access.
The majority of the respondents used the regional language to complete the survey. The
online survey also provided added freedom to the respondents to complete the survey
according to their own pace, which increased engagement and led to quick and complete

responses.

As per one of the survey questions, farmers prefer to use websites (55.36%) over

mobile applications (44.64%), and our platform is already aligning with their preferences,
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such that both options were available. Farmers have preferred regional (46%) and
national (45%) websites over international (9%) websites to seek information, and the
majority of the farmers stated that they have reached out to agricultural institutes for
seeking agricultural support with regards to “guidance in production” (28.22%) and “to
know about new technology for production” (23.31%). We asked the farmers, “what
incentives would most likely encourage you to participate in future data collection
surveys for research purposes?” It appeared from the results of the study (Figure 16) that
the top three dominant reasons were — access to proper equipment and technology
(25.21%), access to latest seed variety for improving crop production (23.14%) and
technical assistance (16.12%). There is a likelihood that if we incorporate farmers
preferred type of information on our web platform, it will increase their engagement and

motivate them to participate in data collection.

6.61%
25.21%

23.14%

. 7.02%
1281%
16.12%

9.09%

Access to proper equipment & technology ([l Cost share incentive programs Technical assistance
B Grants for equipment & infrastructure improvement ([l Government subsidies

Access to latest seed variety for improving crop production All Others

Figure 16: What incentives would most likely encourage you to participate in future data
collection surveys for research purposes?
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5.4. Discussion Based on Farm Survey Results

Data collection from farmers for agricultural research is integral for the sectors
growth, and data dissemination is equally essential to increase farmers’ awareness and
knowledge for increased agricultural production and productivity. The study sought to
find ways to provide ease of access to farmers and increase their engagement in
agricultural research. According to Njelekela and Sanga (2015), a farmer's choice to use
various information sources is influenced by their individual traits such as farm size,
farming experience, age, education level, and income. In this study, we have also
collected a similar set of variables to evaluate the probability of an individual farmer
using the online platform for helping in data collection and seeking agricultural
information. We have found that most of the respondents belonged to the age group of
20-40 years, which suggests that young farmers involved in agricultural practices are
more tech-savvy than the elderly farmers and are open to supporting technological
advancements. The survey results also showed that the study participants were either
semi-literate or literate, and they had used in-person or online government resources to
improve their agricultural practices. We provided dual language options to the
participants for completing the survey, and as a result, more than 55% of farmers
preferred their regional language (Punjabi) over English. Choice of language increased
convenience for the farmers. The results show that farmers are more comfortable
communicating through regional languages, and this preference can be incorporated in

further improvement of the information portal of the online website platform.
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The farming sector needs immediate attention by the government for its
improvement as more than 60% of the economy’s population are dependent on it for their
livelihood, yet people cannot earn enough income from farming to sustain their
livelihood. That is why many farmers look for alternative sources of income and cannot
focus their attention on increasing agricultural production and efficiency. Our results
show that farmers seek information about innovative and adaptive farm techniques
through their farmer networks and agricultural university support. To support the
preference of farmers to stick with their farmers’ network as a trusted source to seek
information, we have suggested incorporating the “Farmclub” feature on the website.
Farmers can go to the “Farmer Support” web page to seek different information sources
and can find the “Farmclub” button on the page. “Farmclub” will act as a virtual meeting
and conversational platform which can connect farmers with other farmers. It will also
incorporate a feature to connect farmers with agricultural researchers for expert opinion.
They can ask questions about their farming concerns and find support from their
community. This feature will build the farmers’ trust towards the platform and increase
their visits to the platform. It is also evident from the survey that farmers are keen to seek
information about the latest technological advancements, farming techniques and modern

machinery to increase their crop production and agricultural efficiency.

5.4.1. Traditional vs. Online Farm Surveys

Traditional in-person field surveys are generally time and cost-intensive and

involve many efforts for data collection from respondents who are geographically
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scattered (Fleming & Bowden, 2009; Tuten, 2010). Our online farm survey proved that
the online mode takes less time to deliver surveys, is cost-effective, and can cover wider
geographical regions for gathering data efficiently. As per the survey data, the average
time taken by the respondents was 10 minutes and 19 seconds, which is well below the
recommended estimated time of 15-20 minutes for survey completion (Revilla & Ochoa,
2017). The participants took a maximum of 32 minutes and 46 seconds and a minimum
of one minute to complete the survey. Concerning field officers engagement with the
farmers for field surveys, we found that field officers never visited 74.02% of the
respondents for farm data collection. The field officers visited farmers who lived in big
villages or areas closer to cities. Thus, it can be interpreted that small villages and places

that are far from main cities may be neglected in the paper-based field surveys.

5.4.2. Feedback of Farmers and Researchers

Understanding the benefits of using online web platforms for conducting data
collection has been a topic of interest among business and social science researchers
(Burkill et al., 2016; Couper, 2017; Tourangeau, 2004). The respondents reported a high
preference for the online survey as opposed to the paper-based field surveys. One
respondent mentioned in the survey feedback form, “It is easy to submit online surveys.”
Another respondent compared online surveys with paper-based by saying, “It takes less
time to take the survey and do it at our own convenience than paper surveys with field

officers.” The efficiency of the data collection process also increases as we are no longer

required to keep track of survey papers and go from one person to another for data
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collection. A researcher from the Punjab Agricultural university spoke in favour of our
web platform. He highlighted that the real-time survey delivery is better than the slower
collection and manual data entry for paper-based survey forms. Online web-based
surveys provide the added advantage of time and cost-effectiveness that fuel the demand
to increase the use of online surveys. Investment of time and cost on field officers
training is also not required with the online surveys as the survey responses can be
recorded online without the assistance of a large number of field officers. Online surveys
can also be ideal for data collection during pandemics when face-to-face data collection
is not possible. Online data collection surveys can be used as a productive way to reach
farmers over a wide geographic area for data collection and perform more inclusive

research for better generalization.

5.4.3. Identification of Topics for Data Collection

We collected general demographics of farmers, including age, gender, education
level, farm size, ownership status and annual income. Data about farmers’ coping
mechanisms, farmland details, irrigation sources, details about wheat crop production,
and accessibility to information sources were also collected using short answer text fields
for scalar data and multiple-choice questions to collect nominal and ordinal data. We used
the wheat crop for data collection because Punjab is one of the main producers of wheat
crops, and the majority of the farmers are involved in wheat production (Singh et al.,
2017). Additionally, at the time of data collection, farmers finished their wheat

production and had all the information on hand which we required for testing our data
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collection platform. In the survey, farmers were asked to report their experience using
currently available agricultural information sources. Often, government policies and
regulations concerning the agriculture sector change, having a significant impact on
farmers, and there is friction in the adoption of these policies by the farmers. The tensions
around policies can reduce by receiving feedback from farmers before sanctioning such
changes. Farmers’ feedback confirms that most of the time, they are unaware of the latest
government policies and agricultural research. The majority of the farmers get informed
about these latest trends through word of mouth from fellow farmers, friends and family,

the internet, and social media.

We also collected data related to wheat crop production by the farmers and asked
them about the reasons to prefer some seeds over others for wheat cultivation. The
farmers were given an option to choose from 26 varieties of the wheat that they use for
production, and 20% of the farmers selected the “PBW 752” seed variety, which is the
most common seed variety. Farmers selected the reasons of preferring seed varieties, and
the most common reason was to induce an “increase in yield (37.02%),” followed by
“improved quality of the product (29.83%)” and the least preferred reason was “end
product nutrient level (3.31%)”. The researchers can use the respondents data to analyze
the farmers’ needs and make suggestions for increasing crop production and provide
information as they desire. We also collected farmers’ feedback for current online and
offline information sources and asked for feedback about our platform through the online
platform. We can receive real-time feedback from the farmers, keep the platform updated

with all the latest research findings, and increase farmers’ awareness. Agricultural
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researchers can receive farmers feedback about different small or big projects and
increase their engagement in the research. The government officials can also use the
platform to ask farmers’ opinions on the government’s policies and increase their
involvement in decisions central to them. Thus, there are many potential areas for which

information can be collected using the online web-based platform.
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Chapter 6. Future Work and Conclusion

6.1. Summary

This thesis focused on answering the research question: What are the design
requirements for developing an online data exchange platform to bridge the gap between
farmers and researchers in India based on a design science approach? We created a
prototype web-based platform and discussed its design requirements with the focus on
making the platform easy to use, readily accessible, and functional with quality content as

per the suggestions of the participants of the study.

The expected contributions of this research were:

1. Developing design requirements for an online data exchange platform based on the
concepts of crowdsourcing and citizen science, as this offers the opportunity to
gather large-scale data at a lower cost through enhanced spatial and temporal
coverage.

2. Facilitating knowledge generation and exchange in the Indian agricultural sector
for its development and digitalization if the prototype platform gets widely used
and adopted in India.

3. Providing farmers with the opportunity to access direct advice from researchers for

farming practices.
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Through our platform, we have created a one-stop prototype solution for both data
collection and data dissemination for the benefit of Indian agriculture. The design
requirements of the platform are provided in the thesis for supporting future work in the
field. The platform can be used by researchers for conducting farm surveys to gather large-
scale data at a lower cost directly from the farmers. We linked the website with Qualtrics
survey software for our project, but the researchers can link the website platform to any
other 3™ party survey software including SurveyMonkey, Hotjar, Survicate, Iterate, and
others. We used our website platform to provide agricultural information related to the
latest farming techniques, government policies, weather and research updates in the field
to all the users in one place. We kept the design of the platform simple, easy to use, readily
accessible from mobile phones and laptops for added convenience, and we took all the
information from the official government websites. Simultaneously, our platform seeks to
provide the opportunity to the users to connect with the agricultural community through
the discussion forum for sharing their knowledge and expertise with other members.
Farmers can also seek advice from agricultural experts for improving their farming
practices and increasing efficiency. Thus, our prototype aims to support participant and
community learning, accompanied by wider social accountability of scientific research in

the agricultural field.
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Table 7 summarizes showing how this research followed the DSRM process.

Table 7: Design Science Research Methodology (DSRM) summary table Peffers et al.

(2007)

Research Step Description Explanation in the study

1. Identify Define the specific research | Clearly stated the research
problem & problem and justify the problem and motivation in
motivate value of a solution. Chapter 1.

2. Define Infer objectives of the Expected objectives were
objectives of a | solution from the problem | defined in Chapter 1.
solution definition and knowledge

of what is possible and
feasible.

3. Design & Create the artifact. The design and
development development of the website

platform is explained in
Chapter 3 and 4.

4. Demonstration

Demonstrate the use of
artifact to solve one or
more instances of the
problem.

Screenshots of the website
platform are available in
Chapter 3, methodology to
solve data collection and
data dissemination problem
is stated in Chapter 4,
results from the survey
gathered through the use of
website platform are
presented in Chapter 5.

5. Evaluation

Observe and measure how
well the artifact supports a
solution to the problem.

Discussions about the
proposed solution are
presented in Chapter 5.
Final observations and
proposed changes for
improvement in the
solution platform are stated
in Chapter 6.

6. Communication

Communicate the problem,
its importance, artifact, its
utility and novelty, the
rigour of its design, and its
effectiveness to researchers
and other relevant
audiences.

Details of the study are
published through this
master’s thesis.
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6.2. Assumptions and Limitations

The website content needs to be verified for any errors or mistakes before posting
it on the platform for the users to seek knowledge. The involvement of agricultural
experts to ensure accurate information presentation on the website is ideal. We took
content from the existing regional and government websites by assuming that the
information is verified since it is a government source. The websites used for seeking

content are https://agricoop.nic.in/en, https://www.pau.edu/fportalnew/, and

https://www.pau.edu/index.php? act=manageSandesh&DO=allSandesh.

The sample farmers in the study were selected randomly from Punjab, India, and
the relative homogeneity of the sample may limit the generalizability of the findings
related to information requirements. Our sample might also be affected by “selection by
the respondent” bias, where respondents interested in the subject of the questionnaire
may respond relatively more than others who are not as interested in the research topic. In
this case, non-respondents differ from respondents and potentially result in biased survey
results. Our sampling method has drawbacks, but we believe it allowed us to aptly
explore the usability of the data exchange platform and farmers’ expectations about the
kind of information they look for on an online website for improving their agricultural
efficiency. Future research needs to investigate further how different demographic groups
respond to the online data exchange platform and what kind of information they tend to

seek from the platform.
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We provided respondents with the option of dual languages for attempting the
survey questions, and the translation of research questionnaires may threaten research
validity. We ensured that the translation remained consistent with the original meaning of
the questionnaire content and reduced the possibility of validity threats to an acceptable
minimum. In addition, since the study used a prototype website with several disabled
functions and limited information, the results might vary when using a fully functional
website. Despite limitations, our platform, which provides data collection and data
dissemination methods altogether at one place, can be more efficient for the users than
surfing through separate platforms for these tasks. Our platform empowers individuals to
generate and manage their data as citizen scientists and share their knowledge in the

farming community.

6.3. Implications and Future Recommendations

While most of the results correspond positively to the study, further iterations of
the design prototype are necessary to complete the website and fulfill all the user
requirements. Updating the website with new content is an ongoing process, and to make
it fully functional, updates need to happen on a regular basis to share the latest trends and
information with the users. Further evaluations should be conducted by involving an even
larger group of farmer participants and some researchers. Future researchers can also
examine how farmers’ attitudes towards the websites usefulness get affected by changes
in the design layout of the website or changes in their satisfaction level based on different

information media like text, images, audio, and video under varying levels of information
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involvement. Further research can be done by using the online farm survey for data

collection and drawing conclusions for improvement in the agriculture sector.

Using the internet for data collection and data dissemination is not a new concept
but putting both things together on one platform brings distinctiveness. Data
dissemination through internet sources is quite common in the agriculture sector, but
online data collection from farmers and using them as citizen scientists to engage them in
research still needs much exploration. The platform can be further enhanced to work on
its “Farmclub” feature for engaging and encouraging experienced farmers to share their

experience with less experienced farmers and grow together as a community.

Designing the website platform was highly worthwhile, but planning,
development and improvement of the website prototype during the pandemic situation
was more challenging than expected. Website building needs many iterations and
continuous feedback at every stage from the users for increasing its success rate. Another
study can be conducted after accommodating our suggested revisions in the website
platform to make it more accessible and friendly to users responses towards the updates.
The problems that we anticipated while making the study design model and during

implementations can be used as guidelines in future research.

6.4. Conclusion

We designed a Farmer Researcher Information Exchange Management System

(FRIEMS) to bridge the information and data gap between the farmers and researchers.
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We have proposed design requirements of an online web-based platform that fulfils the
researchers data collection requiremen ts and provides agricultural information to cater to
farmers’ needs. Farmers served as citizen scientists by directly providing information to
the researchers through the online farm survey, and they helped check the usability of the
online surveys in the agriculture sector. Farmers received valuable information through
the website platform about their questions or concerns through government verified
sources and agricultural institutes. We focused on the design requirements for the website

design to make it adaptable and easier to use by the farming community.

The study proposed the application of User-Centered Design (UCD) and Activity
Centered Design (ACD) to create a data exchange platform for bridging the gap between
farmers and researchers. The UCD ensures overall website development incorporating all
the users needs, and the ACD ensures incorporating the needs of the organizations that
collect agricultural data. This is essential for the website design because it essentially
caters to both farmers and the researchers needs and has broad audiences in general. The
improved website (prototype-2) exhibits improvements in the content and overall design
based on the prototype-1 design evaluation. Overall, the website platform received an
overwhelmingly positive response from the participants for the design interface. The
participants suggested the inclusion of the latest updates of the agriculture sector, farming
techniques and government subsidies which were later on added to the platform. The
website is a prototype and still in the development phase; thus, updating content does not

happen frequently. These feedbacks and improvements confirm that the user-focused
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development of the website can capture the users r equirements more comprehensively.

Thus, it increases the likelihood of system success.

For design improvement and to cover a broader range of audiences, we used
multiple languages in the website surveys and created the website design to be suitable
for colour-blind and dyslexic people. Recognizing and accommodating the different
accessibility needs of the users helped to increase the outreach of the platform. The
platform also facilitated data exchange between farmers and researchers during the
COVID-19 global pandemic. The users did not need to leave their premises or invite

others for either data collection or for seeking agricultural information.

The results of this study support five main contributions: (i) detailed identification
and analysis of the targeted users, (ii) inclusion of specific user requirements based on
feedback, (ii1) application of UCD to improve the user experience, (iv) application of
ACD to incorporate content required by the research organizations, (v) exploring the
usability of online farm survey for data collection. The designing and development of the
website platform are exhibited in Chapter 3, and the final version prototype-2 can be

accessed at the weblink: https://www.askfarmers.info/. We came to know that majority of

the farmers were happy about the website layout and content. Getting feedback with
open-ended questions helped us get their suggestions for increasing the usability of the
platform. We hope that the experiences we described are likely to become fundamental
for continued research for future researchers in agriculture and the social sciences field to

make a similar platform or improve the one we created.
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Appendix

1. Informed Consent Form

Title: Design requirements for an online data exchange platform to bridge the gap

between farmers and researchers in India

Researcher(s): Ashmean Kaur Sran, Faculty of Business Administration, Memorial

University of Newfoundland, aksran@mun.ca

Supervisor(s): Dr. Jeffrey Parsons, Faculty of Business Administration, Memorial

University of Newfoundland, jeffreyp@mun.ca

You are invited to take part in a research project entitled “Design requirements for an
online data exchange platform to bridge the gap between farmers and researchers in
India.”

This survey is part of an investigation into developing design requirements for an online
platform for exchanging agricultural data between farmers and researchers.

This form is part of the process of informed consent. It should give you a basic idea of
what the research is about and what your participation will involve. It also describes your
right to withdraw from the study. In order to decide whether you wish to participate in
this research study, you should understand enough about its risks and benefits to be able

to make an informed decision. This is the informed consent process. Take time to read
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this carefully and to understand the information given to you. Please contact the
researcher, Ashmean Kaur Sran, if you have any questions about the study or for more

information not included here before you consent.

It is entirely up to you to decide whether to take part in this research. If you choose not
to take part in this research or if you decide to withdraw from the research once it has
started, there will be no negative consequences for you, now or in the future.

The user gets the option to resume the survey from where they left by coming to the same
survey link from the same device.

Please note that the responses will be anonymous, and your information will not be

shared with any third party outside the research.

Introduction:

My name is Ashmean Kaur Sran, and I am a graduate student in the Faculty of Business
Administration at the Memorial University of Newfoundland. As part of my master’s
thesis, I am conducting research under the supervision of Dr. Jeffrey Parsons.

This study aims at understanding the benefits of using a website-based online data
exchange platform for agricultural data collection and dissemination over traditional
methods. We made a prototype exchange platform to be tested by the sample users. Based
on the feedback of the users for the platform, we will make recommendations for design
requirements of similar data exchange platforms and how such a platform can be used by

researchers in gathering data from remote areas that are hard to reach by field officers.
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We also aim to share farm practices recommendations to farmers for the improvement of
crop production and share information about the latest advancements in the agricultural
sector.

By completing this survey, you will allow us to measure your trust and use of the online
data exchange platform, which can result in the improvement of the online website for

research purposes.

Purpose of study:

The purpose of the study is to gather general demographic and farm-related information
along with crop-specific information from farmers without going in person to the farms
to test the applicability of an online farm survey. We also ask the users to provide
feedback about the design and usability of the website prototype. You will be asked to
answer several standardized questions used by field officers for data collection and
questions for website feedback. The survey fulfils the requirement of seeking quantitative
information as a part of the investigation for the scope of a web-based online data

exchange platform for farmers.

What you will do in this study:

In this study, you will be answering assessment questions presented to you in an online
survey created for the research. You will be asked to answer several standardized
demographic questions, questions concerning wheat production, your experience with

field surveys, experience with various information sources available offline and online
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(through government or privately). The last portion of the survey asks for your feedback
in using our prototype platform created for both data collection and data sharing with the
farmers. Please try to answer all the questions while filling the survey. If at any point in
time, you feel uncomfortable filling in the answers, you are free to withdraw by simply

closing the survey tab.

Length of time:

The study will take approximately 20 minutes to complete.

Withdrawal from the study:

You may withdraw from the survey at any time simply by closing the survey tab or your
internet browser. Once you hit the submit button, it will not be possible to remove your
responses as the data will be completely anonymous. There are no consequences for

withdrawing from the survey at any time.

Possible benefits:

You will have the opportunity to share your farm-specific problems and data directly with
the agricultural researchers through our survey and get solutions as part of our report
from their side. You will also get general information about government subsidies and
schemes available for the farmers, along with direct links for weather information, Mandi
(farmer market) rates, and other benefits. Lastly, you will be serving as a citizen scientist

and be valuable for contributing to agrarian research.
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Possible risks:

We request the participants to answer all the survey questions truthfully to the best of
their knowledge; otherwise, there might be an accumulation of false data, which might
hamper the research goals. Participation is completely voluntary. The data will be

anonymous and confidential, so there are no social risks. There are no financial risks.

Confidentiality:

The ethical duty of confidentiality includes safeguarding participants’ identities, personal
information, and data from unauthorized access, use, or disclosure. Confidentiality is
ensuring that the identities of participants are accessible only to those authorized to have
access.

Only the researchers and authorized research assistants will have access to the data.
Although the data from this research project may be published in journals and presented
at conferences, the data will be reported in aggregate form so that it will not be possible
to identify individuals. Moreover, the data is anonymous, and we are not collecting IP

addresses. Please do not put your name or other identifying information in the survey.

Anonymity:

Anonymity refers to not disclose a participant’s identifying characteristics, such as name
or description of physical appearance.

There are no identifiers that will allow your data to be linked to you in the survey. This

survey does not collect any identifying data (such as your name); however, it does ask for
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demographic data (such as age, level of education, etc.). Because names or specific
identifying data are not collected as part of the main survey, your data will be anonymous

and impossible to use to identify you.

Use, Access, Ownership and Storage of Data:

Questionnaires will be stored electronically on password-protected servers and computers
(i.e., researchers’ university laptops and desktop computers). No identifying information
will be stored with the data or will be linked to the data files in any way (e.g., similar file
names). The data will be kept for a minimum of five years, as per the Memorial
University policy on Integrity in Scholarly Research. The data will not be used for
archival purposes; rather, it will be maintained in case the research is “audited” by
another researcher, or future analyses are required for revision purposes in the publication

process.

Third-Party Data Collection and/or Storage:

Data collected from you as part of your participation in this project will be hosted and/or
stored electronically by Qualtrics and is subject to their privacy policy and to any relevant
laws of the country in which their servers are located. Therefore, anonymity and
confidentiality of data may not be guaranteed in the rare instance, for example, that
government agencies obtain a court order compelling the provider to grant access to
specific data stored on their servers. If you have questions or concerns about how your

data will be collected or stored, please contact the researcher and/or visit the provider’s
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website for more information before participating. The privacy and security policy of the
third-party hosting data collection and/or storing data can be found at:

https://www.qualtrics.com/privacy-statement/.

Reporting of Results:

The collected data will be used in a thesis that will be published, submitted for journal
publication, and potentially presented at conferences. The data will be reported without
any personally identifying information. It will only be presented in an aggregated form.
This thesis will be publicly available at Memorial University’s QEII Library, which you

can access using this URL: http://www.library.mun.ca/

Sharing of Results with Participants:
The feedback and results of the study will be available to the participants from the
researcher’s report. For more details, you can contact Ashmean Kaur Sran

(aksran@mun.ca).

Questions:

We would be more than happy to answer any questions that you have about the study via
email. If you would like more information about this study, please contact Ashmean Kaur
Sran (aksran@mun.ca) or Dr. Jeffrey Parsons (jeffreyp@mun.ca).

The proposal for this research has been reviewed by the Interdisciplinary Committee on

Ethics in Human Research and found to be in compliance with Memorial University’s
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ethics policy. If you have ethical concerns about the research, such as the way you have
been treated or your rights as a participant, you may contact the Chairperson of the

ICEHR at icehr@mun.ca or by telephone at 709-864-2861.

Consent:
By completing this survey, you agree that:

e You have read the information about the research.

¢ You have been advised that you may ask questions about this study and receive
answers prior to continuing.

e You are satisfied that any questions you had have been addressed.

¢ You understand what the study is about and what you will be doing.

e You understand that you are free to withdraw participation from the study by
closing your browser window or navigating away from this page without having
to give a reason and that doing so will not affect you now or in the future.

e You understand that once you hit the submit button, we will be unable to delete
your data as it will be anonymous, and therefore, we cannot link individuals to
their responses.

You can end your participation by simply closing your browser or navigating away from
this page.
By consenting to this online survey, you do not give up your legal rights and do not

release the researchers from their professional responsibilities.
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Please retain a copy of this consent information for your records.
By clicking agree below and submitting this survey constitutes consent and implies

your agreement to the above stipulations.

(] I agree

[] I do not agree

2. Website Feedback Survey Questionnaire

English and Punjabi translations provided)

GQ1) On a scale from 0-10, based on your experience today, how likely are you to
recommend our website to a friend or colleague?

o0 ol o2 o3 o4 oS o6 o7 o8 o9 o 10

GQ2) Overall, how satisfied or dissatisfied were you with your experience on our
website today?

0 Extremely satisfied o Slightly dissatisfied

o Slightly satisfied o Extremely dissatisfied

o Neither satisfied nor dissatisfied

GQ3) What was the primary purpose of your visit to our website today?
0 I wanted to contribute towards data collection

o I was just browsing

o I was researching through the farming information

0 Other (specify)

GQ4) How likely would you be to return to this website?
o Extremely likely o Slightly unlikely
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o Slightly likely 0 Extremely unlikely
O Neither likely nor unlikely

GQ5) How much more time would you be likely to spend on this website in the future?
O A great deal O A little
0 A lot 0 None at all

o A moderate amount
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GQ6) How willing would you be to seek farming information from this website?
0 Extremely willing o Slightly willing

O Very willing 0 Not willing at all

0 Moderately willing

GQ7) Please share any additional feedback that could help us improve your experience
of our website.

WN Please answer a few questions related to website navigation

WN1) Were you able to find links available on the web pages easily?
O Extremely likely o Slightly unlikely

O Slightly likely 0 Extremely unlikely

0 Neither likely nor unlikely

WN2) Were you able to navigate to other pages easily?

o0 Extremely likely o Slightly unlikely

O Slightly likely 0 Extremely unlikely
0 Neither likely nor unlikely

WN3) Did the links take you to the relevant pages?

O Extremely likely O Slightly unlikely

o Slightly likely 0 Extremely unlikely
0 Neither likely nor unlikely

WC Please answer questions about the content of the website

WC1) Did you find this website meaningful?

0 Extremely likely O Slightly unlikely

o Slightly likely o Extremely unlikely
O Neither likely nor unlikely
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WC?2) Did you find the content on the website relevant?

0 Extremely likely o Slightly unlikely

O Slightly likely 0 Extremely unlikely
0 Neither likely nor unlikely

WC3) Could you search the content you were looking for?

O Extremely likely o Slightly unlikely

O Slightly likely 0 Extremely unlikely
O Neither likely nor unlikely

WC4) On a scale from 0-10, based on your experience today, how likely are you to
recommend our website to a friend or colleague?

o0 ol o2 o3 m! os o6 o7 o8 o9 o 10

WCS) On a scale from 0-10, based on your experience today, how likely are you to

recommend our website to a friend or colleague?

o0 ol o2 o3 o4 oSl o6 o7 o8& o9 ol
WP Please answer a few questions related to the website performance

WP1) Did it take too long to load the website?

O Extremely likely o Slightly unlikely

o Slightly likely 0 Extremely unlikely
O Neither likely nor unlikely

WP2) On a scale from 0-10, based on your experience today, how likely are you to

recommend our website to a friend or colleague?

o0 ol o2 o3 o4 oS5 o6 o7 o8 o9 o 10

Thank you very much!
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0 BT H3HC 0 §J3 WHIAS

0 & 3T HIHS W3 & It WH3HS
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0 H 3T fodsT II& T8 WEIETs Uger grder At
o A A 2y faar A

oAU I3 AEadl S EA IS fgar A

0J9
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oI A I 3 &I =
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SR=CER:ISY ogI3ue
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0 B3 9I3
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