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Effectiveness of Image-based Plant Disease Detection System

Md. Abdul Malek
ABSTRACT

Image-based Plant Disease Detection Systems (IPDDSs) are increasingly used in
agriculture for detecting plant diseases. A good number of models and techniques
are used for this purpose. Usually, the effectiveness of these models and
techniques is studied from developers’ perspectives. This study intended to find
out the effectiveness of IPDDS in detecting plant diseases from the users’
perspectives. A total of 384 IPDDS users across Bangladesh were selected
randomly and interviewed during the period from May 01, 2021 to September 30,
2021. Major findings indicated that the majority of the users (77.90%) perceived
IPDDS as moderately effective while 19.50% of the users perceived IPDDS as
highly effective, and 2.60% perceived it as less effective in detecting plant
diseases and getting plant disease-related services. Among the effectiveness
dimensions ‘user satisfaction’ ranked first followed by ‘system accuracy’, ‘user
friendliness’, ‘content quality’, ‘offline usability’, and ‘device responsiveness’
based on the Average Standardized Effectiveness Index (ASEI). According to the
descending order of the Standardized Effectiveness Index (SEI), ‘on-time service’
ranked first followed by ‘time needed for getting service’, ‘service cost’, ‘delivery
of the service’, ‘ease of the system’, etc. Step-wise multiple regression showed
that out of 14 selected characteristics of the IPDDS users, four (4) characteristics
namely, ‘time saved’, ‘knowledge on plant disease management’, ‘benefits
obtained by using IPDDS’, and ‘use of ICT’ had significant positive contribution
and ‘obstacles faced in using IPDDS’ had significant negative contribution to their
perceived effectiveness of IPDDS. These five (5) variables explained 34.5 percent
of the total variation in the effectiveness of IPDDS. Each of the Five (5) variables
had indirect effect on the effectiveness of IPDDS through the other four (4)
variables. According to the descending order of Standard Benefit Index (SBI),
‘reduce time for detecting plant disease’ ranked first followed by ‘increase service
accessibility’, ‘increase service quality’, ‘increase respondents’ knowledge’, etc.
According to the descending order of Standardized Obstacle Index (SOIl)
‘illiteracy’, ranked first followed by ‘inability of disease detection at an early
stage’, ‘unavailability of the smart phone’, ‘ICT phobia’, ‘inadequate extension
service to support the use of IPDDS’, etc. Frequently suggested suggestions by the
users included covering all stages of the disease, providing farmers’ training,
introducing off-line system, comparison system, voice interactive system,
intelligent system, image uploading option, etc. Based on the suggestions of the
users and the findings of the research, a functional model for improving DPPIS is
proposed.

XX



CHAPTER 1
INTRODUCTION

1.1 Background of the Study

1.1.1 General background

The use of Information and Communications Technology (ICT) and the understanding of its
potentials to transform farming from labor-intensive farming to smart automated farming are
increasing significantly among the farming community. The Smartphone powered by novel
sensing technologies, Artificial Intelligence (Al), and Machine Learning (ML) algorithms
solve complex daily problems efficiently creating a new intelligent intermediary layer
between people and systems. That is why users want to be connected to use data and
information in real-time (Mendes et al., 2020). The use of mobile communications has
increased exponentially in the last many years. In 2019, 225 billion mobile applications were
downloaded by consumers, and by 2023 it is projected that this number grows to about 299
billion (Statista, 2021). These trends are visible in the agricultural field also. Plantix — an
Image-based Plant Disease Detection System (IPDDS) has been installed more than 15 million
as of 9 November 2021 (Plantix, 2021). Mobile phone applications designed for smallholder
farmers to improve decision-making have been revolutionizing the agriculture sector (Thar et
al., 2021). Image-based Plant Disease Detection System (IPDDS) is a system where images
are used to detect plant diseases. Several smartphone applications are available and are being
used by farmers, gardeners, and agricultural advisory service providers. A farmer or user can
use an image library to identify plant disease or upload images to identify plant disease using
these applications. Several techniques are used in IPDDS such as using machine learning (R.
U. Khan et al., 2021; Kothari, 2018; Ramesh et al., 2018; and Yang and Guo, 2017) using
support vector machines (D. Das et al., 2020; Islam et al., 2017; Kaur and Kang, 2015; and
Zhou et al., 2013), image processing (Camargo and Smith, 2009; Khirade and Patil, 2015;

1



Vetal and Khule, 2017; and Vishnoi et al., 2020). Besides- Artificial Neural networks (Pawar
et al., 2016) and Convolutional Neural Networks (Boulent et al., 2019) are also used for
IPDDS. A good number of IPDDS have been used by farmers for detecting plant disease.
Most used IPDDS are presented in Table 1.1 with developer, source, key features, and
download as of 26 December 2021.

Table 1.1 Most used IPDDS in agriculture with developer, source, key features, and
Download as of 26 December 2021.

Name of Developer and Source Key features Download
IPDDS
Plantix Progressive 1. Uses image recognitionand  15,00,00,000
Environmental and deep learning (DL)
Agricultural algorithms
Technologies (PEAT) . Detect diseases, pests, and
GmbH (Berlin, nutritional deficiencies in
Germany), (Plantix, plant
2021) . Covers 500 diseases of 30
crops and available in 18
languages.
Krishoker DAE, Access to . Image-based system of plant 1,50,000
Jananala Information (A2l) and disease detection.
Codex software solution . Provides solutions to more
Itd, Bangladesh, (Codex, than 1000 problems of 120
2020; Malek, 2015a) crops.
. Off-line and online usability
Plant The Technological . Developed using the fuzzy- 1,00,000
Disease Educational Institute of like classification method.
Thessaly (Larissa, . Can detect disease with
Greece), (Petrellis, accuracy between 80% and
2019). (Kirill Sidorov, 98%.
2021) . Off-line and online usability
ImScope  Walter J., (Walter J., . False color, image processing 50,000
2021) instrument
. Evaluate plant health
indicators.
. Off-line and online usability.
Agrobase  Farmis (Kaunas, . Identify diseases, insects, or 50,000

Lithuania), ( Farmis,
2021)

pests and get solutions for
crop protection.

. Includes vegetable, fruit, nut,

horticultural crops.



Table 1.1 Most used IPDDS in agriculture (Contd.)

Name of  Developer and Source Key features Download
IPDDS
BioLeaf Federal University of 1. Can measure the infested 10,000
Mato Grosso do Sul area of a plant leaf beside
(Campo Grande, Brazil), identification of diseases
(Machado et al., 2016) , 2. Useful on the plant resistance
(Upvision, 2021) evaluation.
ADAMA  ADAMA Agricultural 1. Image-based system of plant 1,000
Bullseye  Solutions, (Adama, disease detection.
2021) 2. Covers pests and diseases in

rice, almonds, tomatoes,
apples, watermelon and
cotton crops.

3. Off-line and online usability

Plant Aerotech Design Studio, 1. Uses machine learning 1,000
Doctor Grace Park West, models to detect the
Caloocan, Metro conditions of plants
Manila, Philippines, 2. Covers apple, strawberry and
(Aerotech, 2021) tomato.
CropsAl Spacenus (Spacenus, 1. Automatically detects 1,000
2021) diseases

2. Makes recommendations

Snapshots of mobile applications of some IPDDS may be seen in Appendix I1.

1.1.2 Global perspective

Plant diseases cost the global economy around $220 billion annually (FAO, 2021). There is
no alternative to develop modern technology and ensure effective agricultural advisory
services to the growers to cope with the situation. The basic agronomic principles can ensure
the maximum vyield from a crop variety, such as proper land preparation, selection of quality
seeds and suitable varieties, proper water management, nutrient management, accurate pest
management, proper harvesting, and postharvest operations (Hasanuzzaman, 2019).
Agriculture has graduated from agriculture 1.0 to agriculture 4.0 resembling industry 4.0 and
smart farming is the reality of agriculture 4.0. These gradual developments in the field of
agriculture and the reality of agriculture 4.0 and onward or smart agriculture indicate the
gravity of the intervention of ICT in the agricultural sector. One of the major concerns of

industry 4.0 and hereby agriculture 4.0 is that the use of the automated system will be
3



increased and human labor involvements will be reduced. In these circumstances, the need for
machine learning or artificial neural network, or artificial intelligence-based IPDDS will just

widen the space for agriculture 4.0 and onward.

FAO has considered ‘Agricultural productivity and innovation’ and ‘Transboundary pests and
diseases’ as two major drivers of change in agriculture in the 21% century. The potentiality of
mobile phones can be used in disseminating agricultural innovation for combating pests and
diseases. Mobile phones with IPDDS and other state-of-the-art technologies shorten the
distance between isolated smallholder farmers and other actors involved in production,
processing, transporting, marketing, and regulating food. Face-to-face extension services are
being complimented, and sometimes replaced, by mobile phones, the Internet, and more
conventional media, such as radio, video, and television. In many countries, extension services
have evolved away from top-down ‘technology transfer’ to participatory and discovery-based
approaches that inspire innovation (FAO, 2017). Tomorrow’s agriculture is going to boost up

combating the local problems with global solutions through the intervention of ICTs.

1.1.3 Bangladesh perspective

Bangladesh is going to be graduated from Least Developed Country (LDC) to developing
country through the acceptance of the proposal in the United Nations (UN) general assembly
in 2021. Still, the country has to fight against several challenges. Boosting agricultural
production can be a way for fighting the challenges. But the farmers of the country face several
problems in growing crops like inadequate supplies of fertilizer, pesticides in local markets
(Quddus and Kropp, 2020), loss of arable land, population growth, climate changes,
inadequate management practices, unfair price of produces, and insufficient investment in
research (Mondal, 2010). Constrains of inadequate supply of pesticides are associated with
infestation of pests and diseases etc. Although Bangladesh has got very grass root level
agricultural extension services, the farmers often suffer from a lack of information and advice
during the infestation. To get necessary information and advice from Upazila Agriculture
Office (UAO), farmers visited almost 5 to 30 Kilometers. Sometimes visiting the long distance
to UAO, farmers failed to meet with Upazila Agriculture Officer or other service providers.

When farmers came to the UAO or an agricultural extension service provider, sometimes they



failed to come with a symptom of the disease or failed to explain the problem to the extension
service provider clearly and thus it became difficult for the extension service provider to
identify the disease. The service provider then had to make a field visit to identify the problem
and suggest the requisite solution to overcome the problem (Malek, 2015a). Considering the
problems faced by Bangladeshi farmers in getting agricultural advisory services. Malek
(2015a) designed an image-based plant’s problem (pest and disease) identification system
later get popular as Krishoker Janala. In this connection, it is important to know how much
distance has been shortened, how much time to get services have been reduced, and how to

feel the recipients of the service after getting a new intervention.

Strengthening Management Information System (MIS) and ICT-based knowledge
management systems and e-agriculture has been taken as a strategy for developing the
agriculture sector of Bangladesh in the Bangladesh Eighth Five Year Plan (July 2020-June
2025) (GED, 2020). Bangladesh has also taken an action plan for increasing women and youth
participation in agriculture (GED, 2020). To ensure this, the use of ICT-based knowledge
management systems like IPDDS is a must.

Considering the general background, global and Bangladesh perspectives, it can be said that
the use of knowledge-based technology like IPDDS is irresistible. Now the question is how it
can be made more feasible in terms of effectiveness. This study believes that the findings of
the study will show a path for the policymakers, IT industry, and agriculture extension

personnel to solve the question.

1.2 Statement of the Problem

A good number of models for IPDDS have been developed and their accuracy value is very
high for example -Tetila et al. (2020), Wallelign et al. (2018), Sandino et al. (2018), Sibiya
and Sumbwanyambe (2019) and Prakash et al. (2017) developed models for IPDDS and they
claimed accuracy value of their models as 99.04%, 99.35%, 97.35%, 92.85%, and 90%
respectively. Some of the models have been implemented and tested in real field situations by
entrepreneurs or start-ups. But the effectiveness of very few of them has been studied from

the user perspective. Entrepreneurs or start-up companies are bringing innovations and



technologies to the users in the agricultural field. Despite the importance of the entrepreneurs’

role in the process of innovation adoption, the issue needs to be analyzed from the end-user’s

viewpoint. The effectiveness of IPDDS depends upon many factors. The system

characteristics and users’ characteristics are two important sets of characters. There is an

anonymous saying in the IT industry that, the more unsmarted the user, the more the system

needs to be smart or intelligent. However, the present study would attempt to find out the

answer to the following research questions:

Vi.

What were the purpose of using IPDDS and what were the Profession, Gender, and
Geographical regions of the IPDDS users?

What was the extent of the effectiveness of IPDDS as perceived by the users?

What were the characteristics of the IPDDS users?

What were the contributions and effects of the selected characteristics of the user to/on
their perceived effectiveness of the IPDDS?

What were the comparative benefits of using IPDDS and what obstacles faced by the
users in using IPDDS?

What would be the functional model for improving IPDDS as per suggestions of the

users?

1.3 Objectives of the Study
To shape the research in a manageable and meaningful way, the following specific objectives

were formulated:

To determine the purpose of using IPDDS and to describe the Profession, Gender, and
Geographical regions of the IPDDS users

To determine the effectiveness of IPDDS as perceived by the users

To determine the characteristics of the IPDDS users

To explore the contribution and effects of the selected characteristics of the users to/on
their perceived effectiveness of the IPDDS

To compare the benefits obtained by using IPDDS and obstacles faced in using IPDDS

To develop a functional model for improving IPDDS as per suggestions of the users



1.4 Justification of the Study
Policymakers are very keen to know the impacts of ICTs. They are interested in both economic
and social impacts (Roberts and Spiezia, 2009). The use of IPDDS is increasing day by day.
It is an opportunity to reach the farming community with advanced agricultural advisory
services. Therefore, it is immensely needed to find out the effectiveness of IPDDS to draw
attention so that government can enhance the system. The involvement of various stakeholders
is a very crucial point to be considered in this connection. For ensuring the involvement of the
IT industry and other stakeholders, the role of each stakeholder needs to be found out. The
findings of the study are desired to help the policymaker in understanding the need for using
IPDDS, obstacles in using IPDDS and also suggestions for improving IPDDS. The
justification of the study can be summarized as follows:

1. The use of IPDDS is continuously increasing therefore the effectiveness of IPDDS

needs to be known so that decisions can be taken on its enhancement or closing.

2. For improving IPDDS, obstacles of using IPDDS needs to be known.

1.5 Scope of the Study
In this study, the effectiveness, benefits, obstacles of using IPDDS were found out. What
new windows are waiting to be opened by IPDDS were also determined. The study
explored the characteristics of the users and also found out the contribution of selected
characters of users to the effectiveness of IPDDS. This study collected suggestions of users
for improving IPDDS and also proposed a functional model for developing IPDDS. The
findings are desired to play important role in a policy decision, developing strategical
planning, and also in implementing a good IPDDS. In brief, the scopes of the study are:

e Policymakers and planners can use the findings to formulate knowledge-based e-

agriculture policy; and
e IT industry will get indication regarding trends of use of ICT and demands of

IPDDS in agriculture that help to improve the usability of IPDDS.



1.6 Assumptions

The researcher had the following assumptions in mind while undertaking this study.

1.

The respondents selected for the study were competent enough to answer the queries

made by the researcher.

The respondents included in the sample were capable of furnishing proper responses

to the questions included in the interview schedule.

The views and opinions provided by the farmers included in the sample were the

representative views and opinions of all users.
The data collected by the researcher from the respondents were free from biases.

The items, questions and variables were reasonably adequate to reflect the

respondents’ real views and opinions.
The scales used for the study were valid and reliable.

The findings of the study were expected to be useful for planning and implementation of

various extension programs for improving advisory services.

1.7 Limitations

The study had the following limitations:

1.

3.

The respondents of the study were from the whole country; therefore, heterogeneity
was found in the case of some variables.

Characters of the users were many and varied, but in the present study only fourteen
(14) factors on personal, socio-economic, and professional characteristics were taken
into consideration. Factors related to the system were not included as variables of the
study.

There were many kinds of IPDDS but only three (3) kinds were found in Bangladesh.

1.8 Definition of Terms

Terms used throughout the study are defined and interpreted below for clarity of

understanding. The measuring techniques are discussed in chapter 3 of this dissertation:



Agricultural advisory services
Agricultural advisory service referred to the agricultural advice provided to the farmers or
agro-entrepreneur to manage problems related to crop pests and diseases. General advice is

also included in agricultural advisory services.

Image-based Plant Disease Detection System (IPDDS)

IPDDS or an Image-based Plant Disease Detection System is a system where the image is
used to detect plant disease using deep learning (Mohanty et al. 2016). Besides deep learning
other techniques like machine learning, neural network etc. are also used in this case. Several
smartphone applications are available and are being used by farmers, gardeners and
agricultural advisory service providers for detecting plant diseases and getting or providing

advisory services.

Age
Age referred to the period of respondent users of IPDDS from their birth to the time of

interview.

Education
The education of an individual was defined as the extent of formal education received by him
from the educational institute or adult learning center.

Crop farm size

It refers to the effective cropped area by the respondent’s own or taken as a lease from others.

Annual crop production income
Annual crop production income referred to the total earnings of respondents and the members
of their family from crop agricultural sources (cereals, fruits, vegetables etc.) during the

previous year.



Individual extension contact

Individual extension contact of a respondent was measured by the extent of contact with 5
selected agricultural extension media such as neighbor/relative farmers, model/leader farmers,
agricultural input dealers (seed, fertilizer, pesticides etc.), block/union level extension agents

(GO/NGO), Upazilla or above level extension service providers.

Knowledge on plant disease management

Knowledge, as defined in this study, included ‘those behavior and test situations which
emphasized the remembering either by recognition or recall of ideas, material or
phenomenon’(Bloom, 1956). This variable indicated the extent of knowledge on plant disease
management of the respondents at the time of the interview as evident from their responses to

a set of questions logically and scientifically prepared for this purpose.

Extent of use of IPDDS
It refers to the frequency and type of IPDDS used by users for detecting diseases of their crops.

Obstacle faced in using IPDDS
It refers to the extent of obstacles faced by the users during using IPDDS for detecting diseases

of their crops.

Benefits gained by using IPDDS
It refers to the extent of opportunity obtained by the users during using IPDDS for detecting

diseases of their crops.

Use of ICT

Information and Communication Technology (ICT) is defined as the hub of technologies that
support storage, processing data/information, communication of data/information, and
distribution of data. ICT therefore, comprises technologies such as computers (desktop and
laptop), mobile phones, Internet connection, peripherals, and software that are projected to
perform information processing and communication purposes (Ali et al., 2019). Use of ICT

refers to the frequency of ICTs used by a user. The extent of ICT use for agricultural purposes
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refers to the extent of ICTs used by respondents for farm-related activities while non-farm

related purposes are referred to as general purposes.

Farming experience
The farming experience of the respondents was measured by the number of years a respondent
engaged in crop cultivation. The measurement included the year of starting of first crop

cultivation until the year of data collection.

Time saved
Time saved refers to the amount of time saved by the respondents by using IPDDS in getting

plant disease-related services. It was measured in hours.

Cost saved
The cost saved refers to the amount of cost saved by the respondents by using IPDDS in

getting plant disease-related services. It was measured in Bangladeshi Taka (BDT).

Visit saved
Visit saved refers to the frequency of visits saved by the respondents by using IPDDS in

getting plant disease-related service. It was measured in frequency.

Effectiveness of IPDDS

Effectiveness is the state of producing the intended or expected result of a program or project
within the desired period. Effectiveness of IPDDS refers to the expected achievements gained
by a user by using IPDDS. In the IT industry effectiveness of a system is measured by
measuring some matrices like audience gain, retention rate, user activity, average session
length, and monetization index (NinjaPromo, 2019). The present study found that those
matrices are from the developer side not covering user perspectives.

In the present study, the effectiveness of IPDDS was measured by a scale developed for this
study by the aggregation of system accuracy, off-line usability, user-friendliness, content

quality, device responsiveness and user satisfaction. The details were stated in chapter 3.
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Matrices used in the IT industry and users’ perspectives have been taken into consideration in

developing the scale for measuring the effectiveness of IPDDS.

System accuracy

Accuracy can be defined as the degree to which the result of a measurement, calculation, or
specification conforms to the correct value or a standard. Accuracy is important in software
engineering. Accuracy is the mapping of the business needs to the programmer’s model.
However, accuracy is much hard to obtain because it is the closeness actually what the
customer needs (Moore, 2004). The current study measured accuracy as the degree of the
properness of identification of plant disease, smoothness of working system, and minimization

of error in the system.

User-friendliness

User-friendliness is the degree to which an innovation is perceived as relatively easy to
understand and use (Rogers, 2003). User-friendly means that for customer app is intuitive,
easy to use, simple, and that the customer can rely on the product (ItCraft, 2019). It refers to
the degree to which a system is easy to learn, use, understand, or deal with. The current
study considered user-friendliness of IPDDS with ‘easy to use’, ‘easy to remember how to

use’, ‘lower size of the software’, ‘lower device hanging tendency’, and ‘comfort to use’.

Off-line usability

Off-line usability refers to the opportunities for software to be used in offline mode. The
current study measured the offline usability of IPDDS with the scope of off-line running,
off-line installation, and off-line sharing.

Device responsiveness

Responsive web design, also called Responsive Web Design (RWD) design, describes a
modern web design approach that allows websites and pages to render (or display) on all
devices and screen sizes by automatically adapting to the screen, whether it's a desktop,
laptop, tablet, or smartphone. It was measured with ‘running in any smart device’,

‘requirement of lower processor’ and ‘platform operability’
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Content quality

Content quality refers to the quality of advice provided through IPDDS. It was measured by
the usefulness of the content, updates of content and validity of the content.

User satisfaction

Kotler (2000) defined satisfaction as the feeling of pleasure or disappointment one experiences
after comparing the perceived performance or outcome of a certain product with one’s
expectations. In the context of the mobile app, user satisfaction is one of the most important
factors facilitating the prevalence of mobile data applications and services (Kim, 2012). In
this research user satisfaction was measured by measuring ‘ease of the system’, ‘delivery of

the service’, ‘service cost’, ‘on-time service’ and ‘time needed for getting service’.

1.9 Organization of the Study

The study is organized under the following five (5) Chapters (as per the format and style of
thesis writing for M.S/ Ph.D. degree of Sher-e-Bangla Agricultural University):

Chapter 1 - Introduction: Describes the importance of the topic, key issues, objectives,
scope and limitations of the study.

Chapter 2 - Review of Literature: A brief review and definition of concepts, economic
models and results of the related studies are done.

Chapter 3 - Materials and Methods: Explains the sampling design, method of data
collection and tools of statistical analysis used in the study.

Chapter 4 — Results and Discussion: Explains the findings and discussions including the
purpose of using IPDDS, the Profession, Gender, and Geographical region of the IPDDS
users, the effectiveness of IPDDS as perceived by the user, the characteristics of the IPDDS
users, the contribution and effects of the selected characteristics of the user to their perceived
effectiveness of the IPDDS, the benefits obtained by using IPDDS and obstacles faced in using
IPDDS, and functional model for improving IPDDS as per suggestions of the users.
Chapter 5 - Summary, Conclusion and Recommendations: A brief summary of work done,
the salient findings and inferences drawn and their implications for policy are presented.
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CHAPTER 2
REVIEW OF LITERATURE

To form a bridge between the past and present research works related to the problem, an
exertion was made in this Chapter. It represents a brief review of related research information
which gives a very clear direction to the researcher for the selection of research issue by
identifying the research gap. The researcher made an elaborate search of available literature
to review the findings of past researches in this respect. However, some studies were found to
be related broadly to the present study but not systematic and directly related to the present
study. Therefore, an attempt has been made to review and document closely related literature.
In this Chapter available from books, journals, review papers, concept notes, online resources,
and literature have been reviewed and illustrated in different sections where, section 1
discussed with concept and Types of IPDDS, section 2 discussed studies related to the
development and evaluation of IPDDS, section 3 discussed with literature related to
challenges of developing and using IPDDS, section 4 discussed with literature related to the
factors of the effectiveness of IPDDS, section 5 discussed with approaches used to measure
the effectiveness of ICT innovation, section 6 discussed with challenges in measuring the
impacts of ICT, section 7 discussed with theories related to measuring the effectiveness of
IPDDS, section 8 discussed the conceptual model of the study.

2.1 Concept and Types of IPDDS
IPDDS is a system where the image is used to detect plant disease through computer vision
technology (R. U. Khan et al., 2021) or visual comparison (Adama, 2020; Malek, 2015b).
IPDDS is also termed as ‘Vision-Based Plant Disease Detection System’ by (Cruz et al.,
2017). Although Cruz et al. (2017) used the word “Vision-Based’ to mean ‘computer vision’,
can be used generally to mean both computer and eye vision.
Broadly, two types of IPDDS were found in literature, computer vision-based IPDDS and
image library-based IPDDS.
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2.1.1 Computer vision-based IPDDS

Computer vision is a field of Artificial Intelligence (Al) that enables computers and systems
to derive meaningful information from digital images, videos, and other visual inputs and take
actions or make recommendations based on that information (IBM, 2021). Some examples of
computer vision-based IPDDS with technology/model, number image used for training
model, accuracy claimed and sources are shown in Table 2.1.

Table 2.1 Computer vision-based IPDDS

Technology/ model used No. of image used Accuracy  Source

for training model  claimed (%)
Convolutional neural network 54305 99.00 Reddy et al. (2021)
Deep learning algorithm 7600 98.00 Guo et al. (2020)
Image segmentation 20 96.10 Lin et al. (2019)
Explainable 3D deep learning 111 95.70 (Nz%%%s)ubramaman etal
Deep leaming meta- 61486 73.00 Saleem et al. (2020)

architectures
EfficientNet deep learning 55,448 and 61,486

Color texture features and
discriminant analysis,

99.91 and
99.97

- 95.00 Pydipati et al. (2006)

Atila et al. (2021)

Hyperspectral image analysis 76.30 Lowe et al. (2017)

2.1.2 Image library-based IPDDS

There are some IPDDS where plant diseases are identified by comparing the diseases visually
with an image library of the system. These types of IPDDS are reported by (Adama, 2021;
Malek, 2015a). In this case, the user identifies plant disease comparing with the image library
of the system. Some system has got image library based IPDDS and computer vision-based
IPDDS combined as reported by (Adama, 2021).

2.2 Studies Related to Development and Evaluation of IPDDS

Most of the studies found from the literature are about developing models on IPDDS, training
models with available plant disease image data set and evaluating the model with a standard
data set. The majority of the researcher like Guo et al. (2020), Atila et al. (2021), Ashgar and
Abu-Naser (2019), and Khan et al. (2020) used ‘plant village’ data set — a free dataset of plant

15



disease to use in training model. Related works on IPDDS are reviewed here in two major

headings lab-based study and field-based study.

2.2.1 Lab-based study and evaluation of models of IPDDS

To identify plant disease automatically, Mohanty et al. (2016) developed a deep convolutional
neural network-based system. They used a public dataset of 54,306 images of diseased and
healthy plant leaves and found an accuracy of 99.35% on a held-out test set and they claimed
it as a demonstration of the feasibility of their approach. They collected the images under
controlled conditions and they trained a model to identify 14 crop species and 26 diseases (or
absence thereof). Similar works have been done by (Liu et al., 2018), (Li et al., 2018),
(Arsenovic et al., 2019), (Saleem et al., 2020), (Mishra et al., 2020), Guo et al. (2020), (Bansal
etal., 2021), Reddy et al. (2021), and others. Ferentinos (2018) suggested the models as very
useful advisory or early warning tools, and expandable to support an integrated plant disease

identification system to operate in real cultivation conditions (Ferentinos, 2018).

Islam et al. (2017) integrated image processing and machine learning to diagnose diseases
from leaf images. Their automated method classified diseases on potato plants from publicly
available plant image database ‘Plant Village’. They used a segmentation approach and a

Support Vector Machine (SVM) and obtained an average accuracy of 95%.

Ramcharan et al. (2017) used the best-trained model to study cassava disease and found
accuracies of 98% for brown leaf spot (BLS), 96% for Red Mite Damage (RMD), 95% for
Green Mite Damage (GMD), 98% for Cassava Brown Streak Disease (CBSD), and 96% for
Cassava Mosaic Disease (CMD). They reported an overall accuracy of 93% for data not used

in the training process.

All the above-mentioned initiatives are found to be very sophisticated. High-level technology
has been used and a huge cost and resources are involved. Implementation of the service needs
to invest high capital and resources. The studies were done mostly at the laboratory level.
Only the accuracy of the developed model was tested against a standard database. In some
cases, the same dataset was used in training and testing the model. Therefore, the performance

of those models in the real field is yet in question.
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2.2.2 Real field study of IPDDS

Some of the models discussed in the previous sub-section have been used to develop
applications for detecting plant diseases and are being used by the farmer at the field level.
But very few studies were found to be intended to measure the effectiveness of those
applications. Rupavatharam and Kennepohl (2018) studied ‘Plantix’ the most used IPDDS
that assists in detecting damage on plants with the help of a smartphone image. They reported
90% accuracy of the system for 100 classes. Tan et al. (2018) introduced a mobile application
named AuToDIiDAC or Automated Tool for Disease Detection and Assessment for Cacao
Black Pod Rot (BPR) that automatically detects, separates, and assesses the infection level of
BPR in cacao through image processing and machine learning techniques. They reported an
average of 84% accuracy on an independent test set of ten cacao pod images. Arsenovic et al.
(2019) conducted several experiments to test the impact of training in a controlled
environment and usage in real-life situations to accurately identify plant diseases in a complex
background and various conditions including the detection of multiple diseases in a single
leaf. Finally, they proposed a novel two-stage architecture of a neural network for plant
disease classification focused on a real environment. They claimed that the trained model
achieved an accuracy of 93.67%. Malek (2015b) studied Krishoker Janala — an image library-
based IPDDS and reported that 94% of the user respondents had the opinion that the new
intervention (Krishoker Janala) was most suitable for them, through using the database cost
of delivering service or having service (up to 86%), the time needed for delivering service or
having service (up to 66.67%) while an average number of visit (48%) were reduced. Sultana
et al. (2019) also studied the effectiveness of ‘Jrishoker Janala’ and reported that 64.2% of the
user respondents perceived that the use of ‘Krisoker Janala’ is moderately effective while
24.5% and 11.3% of them perceived as less and high effective respectively.

2.3 Literature Related to the Challenges of Developing and Using IPDDS

Arsenovic (2019) conducted several experiments to test the impact of training models in a
controlled environment and usage in real-life situations and observed — a small number of
examples in the dataset, a small number of plant species/diseases, low accuracy when testing
in real conditions, complex background, multiple diseases in the same sample, train and test

data are from the same database, using images acquired in real conditions, accurate
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classification of the disease, disease stage identification as challenges in developing and using
IPDDS. Barbedo (2016) reviewed the main challenges in automatic plant disease
identification based on visible range images and reported that the presence of complex
backgrounds in the image, undefined boundaries of the symptoms, uncontrolled image capture
conditions, characteristics that make the image analysis more difficult, symptom variation,
presence of multiple symptoms simultaneously are the major challenges of detecting plant
diseases using IPDDS. R. I. Hasan et al. (2020) studied Deep Learning (DL) as a technique
for plant diseases detection found out several challenges in plant disease detection and crop

management. Their presentation is presented in Fig. 2.1.
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Fig. 2.1 Challenges of plant disease detection and crop management (R. I. Hasan et al.,
2020)

2.4 Literature Related to the Factors of the Effectiveness of IPDDS

Karim et al. (2020) explored the relationship between the socio-economic characteristics of
women farmers and their use of mobile phone application in agricultural activities and
reported that age, family size, credit received, deposit, and farm size of the women farmers
had no significant relationships whereas education, annual income, organizational
participation, training received and ICT self-efficacy of the women farmers had a positively
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significant relationship with the use of a mobile phone in agricultural activities. M. S. Khan
et al. (2017) conducted a study to determine the effectiveness of Agricultural Information and
Communication Centers (AICC) in technology transfer to farmers and reported that farmers'
characteristics such as education, farm size, annual family income, organizational
participation, extension contact, awareness on ICT facilities, access to ICT facilities,
knowledge on ICT, and training received on ICT had a significant positive relationship with
their perceived effectiveness of AICC while age and household size had a negative and
insignificant relationship with the effectiveness of AICC. Tata and McNamara (2018) carried
out a study to assess the impact of the Catholic Relief Services (CRS) Skills for Marketing
and Rural Transformation (SMART) skills and Farm book information communication
technology (ICT) on agricultural extension service delivery by front-line extension officers in
two counties in Kenya and reported that extension officers using the CRS SMART skills and
Farm book technology worked with significantly higher numbers of farmer groups than
officers in the control group. Socioeconomic factors like gender, age, and education had an
impact on the use of technology and extension service delivery. Sultana et al. (2019) studied
the effectiveness of Krishoker Janala in disseminating agricultural information on 106 Sub
Assistant Agriculture Officers (SAAQOs) and reported that the extent of ICT use, use of
Krishoker Janala and quality of information of Krishoker Janala had a significant contribution
to the effectiveness of Krishoker Janala and age, ICT ownership, problem faced in using
Krishoker Janala, job experience has no significant contribution.

The untouched area on this topic is the effectiveness of IPDDS in general from the end user’s
viewpoint. Although studies found on some specific context on specific IPDDS like
Rupavatharam and Kennepohl (2018) has studied ‘Plantix’, Malek (2015b) and Sultana et al.
(2019) have studied the effectiveness of ‘Krishoker Janala’. There are several types of [IPDDS
and used several technologies. Mendes et al. (2020) mention a description of several IPDDS
in their study. But they did not study the effectiveness of none of them. No general study has
been conducted yet to find out the effectiveness of IPDDS. A study is needed to get an idea

of how these IPDDSs are doing well at the field level in general.

19



2.5 Approaches Used to Measure the Effectiveness of ICT Innovation

Townsend and UNCTAD (2011) suggested seven sets of ways to measure the impacts of ICT
innovation. Such as:

Analytical techniques: The usual objective of an ICT impact analysis is to examine the
relationship between ICT and productivity, economic growth or employment. For this
purpose, econometric modelling using regression, growth accounting and input-output
analysis are done. The analysis usually includes other determinants such as labour, non-ICT
capital and, for firm-level studies, factors such as firm characteristics, skills and innovation
(Townsend and UNCTAD, 2011).

Case studies: Although case study research method is often considered to be invalid,
invaluable and improper (Yin, 2003), it is an established research method in social sciences
(Teegavarapu et al., 2008). Much of the work on measuring ICT impacts is based on case
studies, often small scale and project-based. They may be longitudinal, examining changes
over time. They are generally very detailed and can involve several qualitative and/or
quantitative data sources. They can take advantage of several existing, as well as new, data
sources. Case studies can be used to explore causation within their scope. At the same time,
case study findings are bound by the context in which they are conducted. While their results
will not usually be generalizable beyond their context, they may indicate hypotheses or topics

that could be assessed more broadly.

Statistical surveys: Data needed to measure ICT impacts can come from various statistical
surveys, including the

e Household surveys that collect information from individuals, including their
characteristics, income, expenditure, how they spend their time, how they use ICT and
their perceptions of particular ICTs;

e Surveys of businesses, including those in the ICT sector, that collect information such as
employment, economic performance, innovation, expenditure on ICT, use of ICT and
perceptions of ICT impacts;

e Surveys of other entities such as government organizations that gather information such
as employment details, economic performance, expenditure on ICT, use of ICT and
electronic services offered (Townsend and UNCTAD, 2011).
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Panel studies: Panel studies are longitudinal and may be survey-based, in contrast with cross-
sectional surveys, which collect data at a point in time across a population. A panel is selected
at the start of the study and data are collected about its members, for example, individuals or
businesses, during successive periods. Such studies can be useful in examining impacts, as
they can provide good baseline data and account for time lags (Townsend and UNCTAD,
2011).

Controlled experiments: Controlled experiments can establish causality by controlling all
the independent variables. Therefore, the experimenter can alter a condition and observe the
effect. In general, the types of studies of interest for ICT impact analysis cannot be controlled
to the degree necessary to determine a cause-and-effect relationship. However, where the
conditions are limited, a controlled experiment may be possible.

Administrative data analysis: An important data source in the field of ICT statistics are
administrative data collected primarily for non-statistical purposes but used to form statistical
indicators. The main examples are telecommunication or ICT infrastructure data collected by
International Telecommunication Union (ITU) from member Governments, merchandise
trade data compiled by the United Nations Statistics Division and ICT-in-education data
compiled by UNESCO’s Institute for Statistics. All three sources are used for the Partnership’s
core ICT indicators (ICT infrastructure and access, trade-in ICT goods and ICT in education
indicators respectively). Even though these administrative data are not usually collected for
statistical purposes, through the efforts of organizations such as ITU, the United Nations
Statistics Division and the Institute for Statistics, classifications and definitions can be applied
to administrative data collection to enable statistical output (Townsend and UNCTAD, 2011).

Other methodologies and data sources: Heeks and Alemayehu (2009) suggested the use of
focus groups, direct observation and document examination. Scenarios may be used to
establish impacts in different situations, using different sets of assumptions. Forecasting may
be used to estimate the future impacts of ICT and can involve a number of techniques, data
sources and assumptions. Zhang et al. (2016) researched 121 CIO’s (Chief Information

Officers). By analyzing every of the 121 CIO’s perspectives in the collaborative work
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sessions, they generated a total of 42 ways to assess IT effectiveness. The top 12 most
frequently used methods for measuring IT effectiveness are shown in Figure 2.4. Of these,

customer satisfaction tops the list, followed by project metrics, operational performance etc.
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Fig. 2.2 Top 12 Methods for Measuring IT Effectiveness (Zhang et al., 2016)
It is useful to consider where effectiveness lies in a broader information society. Organization
of Economic Cooperation and Development (OECD) proposed a model for measuring the
impact of ICT intervention. OECD (2008) model illustrate the information society and
identifies the inter-related segments among ICT demand (use and users), ICT supply (the ICT
sector), ICT infrastructure, ICT products, information and electronic content and ICT in a
wider social and political context.
It discussed the impacts components of the conceptual model as follows:
e Impacts of ICT access and use on individuals, organizations, the economy, society and
environment;
e Impacts of ICT production and trade on ICT producers, the economy, society and
environment; - Impacts of use and production of content (in particular, electronic or
digital content, which only exists because of ICT) on the economy, society and

environment;
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e Influence of other factors on ICT impacts, for example, skills, innovation, government

policy and regulation, and the existing level of ICT infrastructure.
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Fig. 2.3 Information society impacts measurement model (OECD, 2008)
About projects relating to information and communication technologies for development
(ICT4D), an ICT4D value chain has been proposed as a basis for impact assessments (Heeks

and Alemayehu, 2009). It starts with precursors and proceeds to inputs, deliverables, outputs,
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outcomes and development impacts. The authors consider the last three to impact and
distinguish them as follows:

e Outputs are the micro-level behavioral changes associated with the ICT4D project;

e Qutcomes are the specific costs and benefits associated with the project;

e Development impacts are the contribution of the project to broader development goals.

Assessment frameworks relating to ICT4D project impacts often include (Heeks and
Alemayehu 2009) cost-benefit analysis, assessment against project goals, assessment of the
effectiveness of communications (on changing behavior or attitudes), assessment of the
impact of ICT on livelihoods, assessment of whether ICT is meeting information
requirements, cultural-institutional impacts and impacts on enterprise performance, relations
and value chain (Townsend and UNCTAD, 2011)

Heeks and Alemayehu (2009) gave another approach (Figure 2.4) to set the focus over time

to study the impact of ICT4D projects.

Impact
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Fig. 2.4: Changing Focus of ICT4D Assessment Over Time (Heeks and Alemayehu, 2009)
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There are strengths and weaknesses of the different approaches and data sources. In the case
of analytical techniques, existing data are used here. Therefore, they are inexpensive,
compared with other approaches. However, they will be limited to the extent that models are
imprecise or input data are inconsistent, inaccurate or lacking in availability. Well-conducted
statistical surveys can provide representative data about the population being measured. Their
output can be cross-classified by several characteristics such as the age of individuals, or
industry of a business. While surveys are generally expensive to conduct, their results are
essential inputs to many of the analyses discussed in this section. Survey results are subject to
several sources of sampling and non-sampling errors, and a high degree of harmonization of
statistical standards is required to enable international comparison of survey output. National
statistical surveys of households and businesses are the basis for the Partnership’s core
indicators on ICT use. Panel studies can be very useful in the following change over time in
individual units, for example, people or businesses. One of their advantages is that such data
enable investigation of causality where the phenomena being investigated are subject to time
lags. However, panel studies can be expensive, especially if the panel is large, and suffer from
attrition, that is, loss of units over time. Controlled experiments are problematic for this topic,
as the number of factors involved in an ICT impact can be very large, and some unknown. In
case studies, results are likely to be limited in scope but may indicate areas that could be
explored more broadly. Administrative data on ICT form the basis of many of the
Partnership’s core indicators (Townsend and UNCTAD, 2011).

The current study found that these models and approaches are about the overall impacts of all
possible forms and use of ICT not focused on IPDDS but it is relevant in selecting the items

collected for measuring the effectiveness of IPDDS.

2.6 Challenges in Measuring the Impacts of ICT

There are several different ICTs, with different impacts in different contexts and countries.
They include goods, such as mobile phone handsets, and services, such as mobile
telecommunications services, which change rapidly over time. There are many ICTs are
general-purpose technologies, which facilitate change and thereby have indirect impacts
which are difficult to measure. It is difficult to determine what is meant by “impact”. For

example, a model proposed by OECD for ICT impacts (Figure 2.3) highlights the diversity of
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impacts, in terms of intensity, directness, scope, stage, timeframe and characterization
(economic, social or environmental, positive or negative, intended or unintended, subjective
or objective). Determining causality is difficult. There may be a demonstrable relationship
and a positive correlation between dependent and independent variables. However, such a
relationship cannot readily be proven to be causal. Many studies have categorized ICT impacts
as economic, social or (less frequently) environmental. However, the picture is usually more
complex than this. For example, while some direct impacts of ICT use can be described as
economic, there may be indirect impacts that are social or environmental as done by Roztocki
et al. (2019). In addition, direct impacts may be both economic and social, related through
human capital, which is defined as “productive wealth embodied in labor, skills and

knowledge”.

2.7 Theories Related to Measuring the Effectiveness of IPDDS

2.7.1 Theories about innovation acceptance

Several theories about the acceptance of innovation are found in scientific literature. Such as
the Technology Acceptance Model (TAM), Unified Theory of Acceptance and Use of
Technology (UTAUT), Theory of Planned Behavior (TPB), and Theory on Diffusion of
Innovation (Dol). The first synthesized theory that explained what factors play a decisive role
in the technology adoption process was created by Everett Rogers in 1962. To develop the
theory, Rogers used a multi-disciplinary approach. He used sociology, communication,
anthropology, and economics. The theory on Dol was the foundation of innovation acceptance
and adoption research. The Theory of Planned Behavior and the Technology Acceptance
Theory originated from the Theory of Reasoned Action (Venkatesh and Davis, 2007; Ajzen,
1985). The Theory explained the behavioral intention or, in the present case, the decision to
start using technology due to two factors: information and silent beliefs. Information
influences the attitude of a person toward a technology; silent beliefs are part of our subjective
norms that could be, for example, general perceptions of a technology’s usefulness. Davis
(1989) suggested the Technology Acceptance Model in his dissertation in the area of
economics first. The model explains the factors influencing the adoption of information

technologies using psychological elements. Over time, this model was modified and enhanced
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several times, involving more determinants to increase its explanation potential. The UTAUT,
presented by Venkatesh et al. (2003) represented the latest synthesized theory meant to
explain the adoption of innovations.

2.7.2 Theory of Diffusion of Innovation (Dol)

Dol was the first interdisciplinary theory to explain the factors that influence the decision to
accept innovation. It is possible to separate several important groups of factors that influence
the adoption process: technology aspects and the channels employed to reach potential users.
From the technological perspective, (Rogers, 1983) identified five important characteristics
that new technology should have to be accepted by potential users: relative advantage,
compatibility, complexity, trial ability and observability. Relative advantage is a user
perspective of the benefits that a new technology provides. To measure relative advantage,
not only economic indicators such as yield gain or cost reduction could be used but also
intangible determinants such as satisfaction or convenience. “The greater the perceived
relative advantage of an innovation, the more rapid its rate of adoption is going to be” (Rogers,
1983, p.15).

The next criterion is compatibility, which represents a degree of consistency with existing
norms and values in the social system. The higher the compatibility is, the higher the odds
that the innovation will be accepted. The level of perceived difficulty to understand or use the
technology is defined as complexity. Rogers (1983) writes that generally, the innovations that
are easy to understand are adopted rapidly, in comparison to the ones where one must acquire
new skills or knowledge. Trial ability could be described as an opportunity to try the
innovation on a certain, limited basis without a commitment to acquire it. This opportunity
decreases the level of uncertainty about the technology. Uncertainty plays a crucial role in the
innovation-decision process, because, as Rogers (1983) describes, “it is essentially an
information-seeking and information-processing activity in which the individual is motivated
to reduce uncertainty about the advantages and disadvantages of the innovation.” The last
criterion is observability, which is defined as a certain degree of result visibility. Some of the
criteria suggested by Rogers (1983) can also be found in the TAM and TPB. The role of these
five characteristics of innovation was tested in various studies in the field of agriculture. In

the study about Cambodian farmers who should adopt rhizobium bacteria, Thar et al. (2021)
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found out that only two factors out of five suggested by Rogers (1983) were significant:
relative advantage and observability. In the study about the adoption of integrated pest
management by cotton farmers in India, 99% of the variance could also be explained by two
characteristics of the model: relative advantage and level of complexity (Peshin, 2013). These
two innovations have different backgrounds: one represents a biological innovation and the
other a technological one. This could mean that for the different types of innovation, one or
the other characteristic can play a more important role, but the relative advantage, independent
of the innovation, appears to be a significant criterion. A further important factor influencing
the diffusion process is the channels that companies use to acquire new customers. According
to Rogers (1983), there are two major important channels to spread information about an
innovation: mass media and interpersonal channels. These channels play an important role in
the decision-making process because the first step before a decision is made is gaining
knowledge about the innovation. This is followed by persuasion, which is based on the
individual’s attitude toward the innovation. Rogers (1983) separated two groups of “knowers
of innovation”: earlier and later knowers. These types of knowers have different exposures to

the knowledge sources and different levels of trust in different sources of knowledge.

Relative
Advantage

Compatibility

Complexity Adoption

Trialability

Observability

Fig. 2.5 Factors influencing the decision to adopt innovation (Rogers, 1983)

2.7.3 The D and M IS Success Model
The DeLone and McLean (D and M) model alternatively known as Information System (IS)
success model guides future researchers on how to evaluate the success of an IT application
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or platform. The model grew up and matured for a long time with lots of experiments and
modifications and updates. The updated D and M IS Success Model is presented in Figure
2.2. According to the updated D and M IS Success Model, quality has three major dimensions;
"information quality,” ""systems quality." and "service quality." Each should be measured—or
controlled for—separately because singularly or jointly, they will affect subsequent "use" and
"user satisfaction” (Delone and McLean, 2003, p-23).

The effectiveness level is the effect of the information on the receiver. In the D and M IS
Success Model, "systems quality™ measures technical success; "information quality" measures
semantic success; and "use, user satisfaction, individual impacts,” and "organizational
impacts” measure effectiveness success. Although this model is in the context of
communication system effectiveness, it is related to IPDDS because of the presence of
communication attributes of IPDDS. Delone and McLean (2003). recommended that "service

quality” be added as an important dimension of IS success given the importance of IS support
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Fig.2.6 The updated D and M IS Success Model (Delone and McLean, 2003, p-24)

Among the theories discussed above updated D and M IS Success Model is mostly applicable

for the current study. How the model is applied to develop a conceptual model is discussed in

the next section. The DOI theory is useful for explaining the relationship among obtained

benefits, obstacles faced in using IPDDS and perceived effectiveness of IPDDS. Other models
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and theories and approaches are useful for understanding the items of effectiveness, factors

affecting the effectiveness and relationship among them.

2.8 Conceptual Framework of the Study

The effectiveness of IPPDDS is the study of how and to what extent IPDDS is satisfying the
needs and demands of users. Several studies mentioned above suggested the factors affecting
the effectiveness of ICT innovation. The current conceptual model of the study will explain
how the factor of IPDDS user and IPDDS itself related collectively and related to each other.
In the current study effectiveness of IPDDS is the main focus of the study and will be
constituted by three sets of factors like personal characteristics- age, education, use of ICT,
farming experience; socio-economic characteristics- crop farm size, annual crop production
income, time saved; cost saved professional characteristics- knowledge on crop disease
management, use of IPDDS, benefits obtained by using IPDDS, obstacles faced in using
IPDDS. The effectiveness of IPDDS will be constituted through system properties like system
accuracy, user-friendliness, off-line usability, device responsiveness, content quality and user
satisfaction on the system. But the system properties will not be tested empirically in this
study. The researcher believes that these factors will contribute to the focused variable. The
study proposes a triangle of user, system and authority in increasing and maintaining the
effectiveness of IPDDS. The proposed conceptual model of the study is based on the updated
D and M IS Success Model and the DOI theory. Guidelines have been taken from other models
and approaches. The updated D and M IS success model of Delone and McLean (2003) in
which quality has been expressed in three major dimensions like information quality, systems
quality and service quality assuming the measurement or control of each item separately,
because singularly or jointly and they will affect the use and user satisfaction subsequently
(Delone and McLean, 2003). Like proposed model expresses three groups of independent
variables i.e. the personal characteristics (age, education, use of ICT, farming experience),
socio-economic characteristics (crop farm size, annual crop production income, time saved,
cost saved), and professional characteristics (knowledge on crop disease management, use of
IPDDS, benefits obtained by using IPDDS, obstacles faced in using IPDDS) of the user. These
independent variables constitute the effectiveness of IPDDS through system accuracy, off-

line usability, user-friendliness, content quality, device responsiveness, and user satisfaction.
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These variables have inter and intra relationships. To measure relative advantage prosed by

(Rogers, 1983), not only economic indicators such as yield gain or cost reduction could be

used but also intangible determinants such as satisfaction or convenience. “The greater the

perceived relative advantage of an innovation, the more rapid its rate of adoption is going to

be” (Rogers, 1983, p.15). A self-explanatory conceptual model of the study is presented in

Figure 2.6.
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Supporting opinion of (Rogers, 1983), the proposed framework suggested benefit obtained by
using IPDDS, obstacles faced in using IPDDS, cost, time and visit saved by users by using
IPDDS to measure relative advantages of IPDDS. The framework suggested that the greater
the perceived relative advantages of IPDDS, the greater the adoption or use of IPDDS and
ultimately the greater the effectiveness of IPDDS. Acceding to the proposed model, users’
characteristics like age, education, use of ICT, farming experience, crop farm size, annual
crop production income, knowledge on crop disease management, use of IPDDS also
contribute to the effectiveness of IPDDS will be constituted through system properties like
system accuracy, user-friendliness, off-line usability, device responsiveness, content quality
and user satisfaction on the system as suggested by (Delone and McLean, 2003). The proposed
model can be termed as the “User-System quality model” since the model proposed both user
and system quality in measuring the effectiveness of IPDDS. The model also proposed that
from obstacles faced by users in using IPDDS, users will provide suggestions for mitigating
the obstacles. Using the suggestions of the user, an improved model can be developed. This
is a policy implication by the authority (government, IT industry, startup/ entrepreneur). The
effectiveness of IPDDS can be improved through this process. There is an existence of a trio
in the model among the user, authority, and system. The effectiveness of the system is
constituted by/ dependent on the user (user’s characteristics) via authority. Important additions
of the proposed model are- an explanation of continuous improvement of the system and
subsequent improvement in effectiveness which is dependent on the authority and policy

implication.
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CHAPTER 3
MATERIALS AND METHODS

Findings of research are dependent on the methodology researchers used in their research. The
purpose of this Chapter was to describe the methodology used in conducting this study. The
methodology gives a clear direction to researchers about their works and activities during the
whole period of the study. This study intended to measure the effectiveness of IPDDS.
Andress and Winterfeld (2014) defined effectiveness as the assessment of changes in system
behaviour, capability, or operational environment that is tied to measuring the attainment of
an end state, achievement of an objective, or creation of an effect. According to Lazer et al.
(2021) measurement is the bridge connecting scientific motivations and data with insight and
applications. The philosophical framework used from developing tools for collecting and
analyzing data and interpretation is shown in Figure 3.1. Only the exception that no third-

party data were used in this study.
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Figure 3.1 Measurement in social science (Lazer et al., 2021)
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3.1 Locale of the Study
Image-based Plant Disease Detection System (IPDDS) is used throughout Bangladesh.
Therefore, the whole country was considered as the locale of the study.

3.2 Population of the Study

The population of IPDDS users in Bangladesh is unknown. The whole IPDDS users are spread
throughout the country. Their locations are not known specifically. A list of 8911 registered
users was collected from the Department of Agricultural Extension (DAE) which constituted

the population of the study.

3.3 Sample Size and Sampling Procedure

The sample size was estimated to ensure the representation of the population. The size of the
sample was determined by using a sample size calculator developed by Creative Research
Systems (CRS, 2021) by taking 95% confidence level and 5 as a confidence interval. Thus the
sample size was found as 370. It was examined by the researcher that this calculator gives the
maximum sample size as 384 with a 95% confidence level and 5 as confidence interval in case
of any population size above 222639. To ensure minimum error and maximum precision in
research the sample size was taken as 384 for the study. The sampled population was selected
randomly from the list. A reserve list of IPDDS users (about 10 % of the sample) was prepared
for the interview. In case any user included in the original sample was not available despite of

utmost effort during the collection of data, that list was used.

3.4 Data Collecting Instrument

A draft interview schedule was prepared considering the objectives of the study. Direct
questions and appropriate scales were kept in the questionnaire to get the desired information.
Data was collected from the respondents by telephone interviewing by the researcher himself
using the interview schedule for the study. Telephone interviewing was used due to the
scattered distribution of the IPDDS users all over the country and face-to-face interview was
inconvenient. The draft interview schedule was pretested with 24 users. The final interview
schedule was prepared after necessary addition, deletion, corrections and modification based

on pre-test results. English version of the interview schedule is shown in Appendix I.
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3.5 Procedure of Data Collection

Data were collected by the researcher himself through telephone interviewing of the selected
sample users of IPDDS using the Bengali interview schedule. The data were collected during
the period from May 01, 2021 to September 30, 2021. The researcher called the selected user
respondent and interviewed after establishing a rapport with the respondent. In case of the
non-availability of the sample users, the researcher paid make-up call to their convenient date
and time. However, it was not possible to collect data from 30 selected users in the original
sample due to their unavailability at the time of the interview despite several attempts to
contact them. Therefore, the researcher had to collect data from 30 selected users of the reserve
list.

3.6 Variables of the Study

A variable is a symbol to which numerals or values are assigned (Kerlinger and Lee, 1999 p-
29). Ezekiel and Fox (1959) defined a variable as any measurable characteristics which can
assume varying or different values in successive individual cases. The success of research to
a considerable extent depends on the exact selection of the variables. There are two types of
variables in any relationship study, viz. independent variable and dependent variable. An
independent variable is the presumed cause of the dependent variable, the presumed effect
(Kerlinger and Lee, 1999 p-30). A causal (Independent) variable is that factor that is
manipulated by the researcher in his attempt to ascertain its relationship to an observed
phenomenon. A dependent variable is that factor that appears, disappears or varies as the
researcher introduces, removes or varies the causal variable ( Townsend, 1953). In scientific
research, the selection and measurement of variables constitute a significant task. Following
this conception, the researcher reviewed literature, the developer’s documents, users reviews
in google play, websites and discussed with the Advisory Committee Members and related
experts to widen this understanding about the natures and scopes of the variables relevant to
this research. At last, the researcher had selected 14 Independent (Causal) variables and one
dependent variable. The 14 selected characteristics of the users were considered as
independent variables of the study and these were (a) personal characteristics - age, education,
farming experience, use of ICT; (b) socio-economic and characteristics — crop farm size,
annual crop production income, time saved, cost saved, visit saved and individual extension

contact and (c) professional characteristics - knowledge on plant disease management, use of
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IPDDS, obstacles faced in using IPDDS and benefits obtained by using IPDDS. Effectiveness
IPDDS constituted the dependent variable of the study. The variables of the study were
operationalized through direct questions, developing relevant scales by the researcher and
scales developed by others as shown in Table 3.1.

Table 3.1 Summarized operationalization of the variables of the study with measuring
unit

Variables Measuring unit Operationalization

Independent variables
Personal characteristics

1. Age Actual years Direct question

2. Education Schooling years Direct question

3. Use of ICT Score Scale developed for this study

4. Farming experience Years Direct question

Socio-economic characteristics

5. Crop farm size Decimal Direct question

6. Annual crop production income ‘000’ BDT Direct question

7. Time saved Hours Direct question

8. Cost saved BDT Direct question

9. Visit saved Frequency Direct question

10. Individual extension contact ~ Scores Scale used by M. S. Ali
(2008)with slightly modified for
this study

Professional characteristics

11. Knowledge on crop disease Scores Scale developed with the

management concept of (Coombs, 1950)

Bloom (1956) and used by M. S.
Ali (2008), Rashid et al. (2016)
and (U. Das et al., 2020) with
modification for the study

12. Use of IPDDS Score Scale developed for this study
14. Benefits obtained by using Score Scale developed for this study
IPDDS
14. Obstacles faced in using Score Scale developed for this study
IPDDS
Dependent variable
Effectiveness of IPDDS Scores Scale developed with the

aggregation of system accuracy,
user-friendliness, off-line
usability, device responsiveness,
content quality, and user
satisfaction after case study and
pre-test
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3.7 Measurement of Independent Variables

It was pertinent to follow a methodological procedure for measuring the selected variables to
conduct the study in accordance with the objectives. The procedures for measuring the
independent (causal) variables are described below:

3.7.1 Personal characteristics

3.7.1.1 Age

Age of respondents was measured in terms of years from their birth to the time of interview.
A score of one (1) was assigned for each year of age. Question regarding this variable appears
in item no. 1 in the interview schedule (Appendix I). M. F. Hasan et al. (2020) followed this

procedure for measuring age.

3.7.1.2 Education

Education was measured in terms of one’s year of successful schooling. One (1) score was
given for passing each year in an educational institution. M. S. Ali (2008)) and M. F. Hasan
et al. (2020) followed this procedure for measuring education score. For example, if the
respondent passed the S.S.C. examination, his education score was given as 10; if respondent
passed the final examination of class Nine (IX), his education scores was given as 9. A score
of 0.5 (half) was given to that respondent who could sign his/her name only. A score of one
(1) was assigned for those respondent who learnt only reading and writing on simple basis
from the adult learning center (M. S. Ali, 2008). Question regarding this variable appears in

the item no. 2 in the interview schedule (Appendix I).

3.7.1.3 Use of ICT

Use of ICT refers to the frequency of ICTs used by a user. Use of ICT for agricultural purpose
refers to the extent of ICTs use by respondents for farm-related activities while the non-farm-
related purposes is referred to as general purpose. A scale was developed for the study
considering frequency of use of simple cell phone, smartphone and laptop or desktop off-line
and on-line following the scale used by Rashid et al. (2016). Question regarding this variable

appears in the item no. 3 in the interview schedule (Appendix I). Thus, the possible range of
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score use of ICT of a respondent could be from 0 to 8 while ‘0’ indicating no use of ICT and

‘8” indicating highest use of ICT. The scoring system of use of ICT was as follows:

SI.  Items Maximum score for use of ICT

No. Regular Occasional Rare Not at
all

1 Mobile device - offline 3 2 1 0

2 Mobile device - online 4 3 2 0

3 Computer device - offline 5 4 3 0

4 Computer device - online 6 5 4 0

5 Computer and Mobile device - offline 7 6 5 0

6 Computer and Mobile device - online 8 7 6 0

3.7.1.4 Farming Experience

Farming experience of the respondent was measured by the number of years a respondent
engaged in crop cultivation. The measurement included from the year of starting of first crop
cultivation till the year of data collection. A score of one (1) was assigned for each year of
farming experience. M. F. Hasan et al. (2020) used this type of measurement. Question
regarding this variable appears in the item no. 4 in the interview schedule (Appendix I).

3.7.2 Socio-economic characteristics

3.7.2.1 Crop farm size

Crop farm size refers to the total land of the respondent under crop production. It included
own land under own cultivation and land taken from others as lease or share basis. Farm size
was measured in decimal. A score of one was assigned for one decimal of land. Rashid et al.
(2016) used this types of scoring system. Questions regarding this variable appears in the item
no. 5 in the interview schedule (Appendix I).

3.7.2.2 Annual crop production income

Annual crop production income referred to the total earnings of a respondent from crop
production sources (cereals, fruits, vegetables etc.) in las year. Annual crop production income
was expressed in ‘000" BDT i.e. One (1) score was given for BDT 1000 annual crop production
income. For example, a score of 45 was given to a respondent whose annual crop production
income was BDT 45,000. Questions regarding this variable appears in the item no. 6 in the

interview schedule (Appendix I).
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3.7.2.3 Time saved

Time saved refers to the amount of time saved by the respondent by using IPDDS in getting
plant disease-related service. It was measured in hours. Respondents were asked to provide
information on the amount of time they had to spent for getting plant disease-related service
without using IPDDS and using IPDDS. The difference was considered as the score of time
saved. Questions regarding this variable appears in the item no. 7 in the interview schedule
(Appendix 1).

3.7.2.4 Cost saved

The cost saved refers to the amount of cost saved by the respondent by using IPDDS in getting
plant disease-related service. It was measured in BDT. Respondents were asked to provide
information on the amount of cost they had to spend for getting plant disease-related service
without using IPDDS and using IPDDS. The difference was considered as the score of the
cost saved. Questions regarding this variable appears in the item no. 8 in the interview

schedule (Appendix I).

3.7.2.5 Visit saved

Visit saved refers to the frequency of visit saved by the respondent by using IPDDS in getting
plant disease-related service. It was measured in frequency. Respondents were asked to
provide information on the frequency of visit needed for getting plant disease-related service
without using IPDDS and using IPDDS. The difference was considered as the score of visit
saved. Questions regarding this variable appears in the item no. 9 in the interview schedule
(Appendix 1).

3.7.2.6 Individual extension contact

Individual extension contact of a respondent was measured by the extent of contact with 5
selected individual agricultural extension media. A scale was developed arranging the weights
as 3, 2, 1 and O for the responses for regularly, occasionally, rare and not at all contact with
this agricultural extension related media respectively. Scale developed by M. S. Ali (2008)
for measuring extension contact was used with slight modified by the present researcher for

measuring extension contact of the respondents. Logical frequencies of contact were assigned
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for each type of responses for each item as mentioned in the item no. 10 of the interview

schedule (Appendix 1).

Finally, individual extension contact score of a user was computed by summing up all the
scores for contact with 5 types of selected individual extension media by that respondent.
Thus, extension contact score of a respondent could range from 0 to 15 while ‘0’ indicating

no individual extension contact and ‘15’ indicating the highest individual extension contact.

3.7.3 Professional characteristics

3.7.3.1 Knowledge on plant disease management

Knowledge as defined in this study included ‘those behavior and test situations which
emphasized the remembering either by recognition or recall of ideas, material or phenomenon’
(Bloom, 1956). This variable indicated the extent of knowledge on plant disease management
of the respondents at the time of interview as evident from their responses to a set of questions
logically and scientifically prepared for this purpose. The steps followed in developing the
scale for knowledge test for this study are discussed below:

Collection of items: The content of knowledge test is composed of questions called items.
Items for the test were collected from different sources, such as, literatures; documents on
IPDDS, agricultural scientists of agronomy, horticulture, soil science, agricultural chemistry,
entomology, plant pathology, agro-forestry, environmental science, and agricultural extension
education of home and abroad; extension personnel; NGO personnel; progressive users,
findings of case study and researcher’s own experience. The questions were designed to test
the knowledge on plant disease management of the users. The items were collected and
prepared in relation to plant disease management. Initially, 36 items were collected which

appeared to be relevant.

Screening of items: On the basis of Bloom’s (1956) taxonomy as devised by Anderson et al.
(2001), 24 questions by taking 4 from each of remembering, understanding, applying,
analyzing, evaluating and creating on plant disease management were selected out of initially

collected 36 questions for pre-test ( Appendix IlI).
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Item analysis: The item analysis of a knowledge test usually yields two kinds of information,
that is, item difficulty and item discrimination. The index of item difficulty indicates how
difficult an item is, whereas, the index of discrimination explores the extent to which an item

discriminates the well-informed users from poorly informed ones.

The items were analyzed on the basis of pre-test data obtained by administering to 24 users.
The users for administering the items were randomly selected and were different from the
sample users of the present study. Nevertheless, these 24 users were representative of the total
population on the basis of which the final study was conducted. Each of the 24 items had four
alternative choices of answers including one right answer. Each one of the 24 respondents, to
whom the test was administered, was given one (1) score for right answer and zero (0) score
for ‘wrong’ or no answer with respect to each item. The total number of right answers given
by the respondent out of 24 items was the knowledge score secured by him. The maximum
score was obviously 24 which could be scored when all the 24 items were answered correctly.
The scores of correct answers against each item of all the 24 respondents were also calculated
which are presented in Appendix IV.

Calculation of difficulty index: Johari et al. (2011) used the following formula to calculate

the difficulty index of an item:

Pi = M %100
Ni

Where,

Pi = Difficulty index in percentage of ith item

ni = Number of users giving correct answer to ith item

Ni = Total number of users to whom ith item was administered,

I.e. 24 in the present study

M. S. Ali (2008) explained the concept differently. According to him, difficulty index of an
item indicates how difficult an item is. But the above formula is fully opposite to the concept
of difficulty index. Actually, the value of Pi obtained from the above formula indicates how
easy an item is. Because it is measured by the percentage of number of users giving correct
answer to ith item and total number of users to whom ith item was administered. It might be

termed as easiness index.
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However, under the above circumstances the researcher of the present study with slight
modification determined difficulty (Pi) index by the following revised formula as suggested
by M. S. Ali (2008):

Pi = M %100
Ni

Where,

Pi = Difficulty index in percentage of ith item

ni = Number of users giving incorrect answer to ith item

Ni = Total number of users to whom ith item was administered,

i.e. 24 in the present study

All parts of the above two formulae are same, only the meaning of ni is different. However,
in the modified formula, the higher was the difficulty index of an item, the more difficult the
item was. Therefore, the difficulty indices of all the 24 items were calculated by the formula
revised by M. S. Ali (2008). It was ensured that very difficult and very easy items were
eliminated. The underlying assumption in the statistics of item difficulty was that the difficulty
was linearly related to the level of an individual’s knowledge on plant disease management.
When a respondent gave correct answer to an item, it was assumed, as Coombs (1950)
described, that the item was less difficult than his ability to cope with it. The difficulty indices

have been presented in Appendix IV.

Calculation of discrimination index: Brennan (1972) expressed discrimination index (DI)
as one of the measures of item effectiveness typically calculated by test evaluators, he
exemplified it as a measure of comparison between the number of student in an upper group
who get an item correct and the number of student in an lower group who get an item correct
(Brennan, 1972 p-289). The discrimination index can be computed by calculating the phi-
coefficient as formulated by Perry and Michael (1952). However, Mehta (1958) developed
EY® method to find out item discrimination emphasizing that this method was analogous to,
and hence, a convenient substitute for phi-coefficient. The method developed by Mehta (1958)
was used by U. Das et al. (2020), M. S. Ali (2008).

Like M. S. Ali (2008), the present researcher computed the total scores against all the correct

responses of each user. The users were then arranged in descending order of total scores
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obtained by them. Then those users were divided into 6 equal groups each having 4 users as
the total number of users in the sample for item analysis was 24. These groups were G1, G,
G3, G4, Gs and Ge respectively. For determination of discrimination index the middle two
groups, i.e. Gz and G4 were eliminated and kept only extreme four groups with high (G1 and
G2) and low (Gs and Gg) scores. Then discrimination index of each item was determined by
using the following formula:

_ (Sl +Sz)_(ss +Se)
N/3

Where, S1, So, S3, S4, Ss and Se were the frequencies of the correct answer for each item in Gy,

E1/3

Go, G3, Gs, Gs and Ge groups respectively and N was the total number of users in the sample

of item analysis.

The discrimination indices of all the 24 items were calculated by the procedure mentioned
above and are presented in Appendix 1V.

Final selection of items: Two criteria namely, item difficulty index and item discrimination
index were considered for the selection of items in the final format of the knowledge on plant
disease management test. Items having extreme high or extremely low value of difficulty

index and discrimination index were eliminated.

In the present study items with difficulty index values ranging from 16.67 to 83.33 (while
observed values ranging from 8.33 to 95.83) and discrimination index ranging from 0.125 to
0.875 (while observed value ranging from O to 1) were included in the final format of
knowledge on plant disease management scale. In this way, 12 items by taking two (2) from
each of remembering, understanding, applying, analyzing, evaluating and creating which
fulfilled both the criteria and these items were selected for the final format of the Knowledge

on plant disease management scale.

Scoring system: Each item had four alternative answers including one right answer. The
respondents were asked to choose the right answer for each item. One (1) score was given for
right answer and zero (0) for wrong or no answer against each item. The summation of such

scores for all the responses of a user was the knowledge on plant disease management score
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of that user. Thus, the possible range of score on knowledge on plant disease management
was 0 tol12 while indicated very low knowledge and 12 indicated very high knowledge on

plant disease management.

3.6.3.2 Use of IPDDS

It refers to the frequency and type of IPDDS used by the users for detecting diseases of their
crop. A scale was developed for the study considering frequency and type of IPDDS. Where
score of 0, 1, 2 and 3 were assigned for not at all, seldom, occasional and regular use of each
type of IPDDS a user use respectively. Thus the possible range of use of IPDDS was 0 — 9,
where ‘0’ indicated no use and ‘9’ indicated highest use. Question regarding this variable

appears in the item no. 12 in the interview schedule (Appendix I).

Use Index: Use Index (Ul) of each types of IPDDS was measured by adding the scores of all
the respondents against that type by using the following formula:

Ul = ix3 + fox2 + fsx1 +fax0

Where,

Ul = Use Index

Fr = Frequency of respondents use regularly

Fo = Frequency of respondents use occasionally

Fs = Frequency of respondents use seldom

fn =Frequency of respondents not at all use

Thus, the range of Ul of the IPDDS could be 0-3x384 i.e. 0-1152, where ‘0’ indicated not at
all use and ‘1152 indicated the highest use of the IPDDS. Karim et al. (2020) used similar
formula for calculating role index to determine the use and role of mobile phone for

information services in agricultural activities.

Standardized Use Index: Standardized Use Index (SUI) was measured by using the

following formula for each item:

Ul of IPDDS

= X
Possible highest Ul
Here possible highest Ul was 1152.

SU
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Thus, the possible range of SUI of the IPDDS was 0-100, where ‘0’ indicated no use and 100’
indicated highest use of IPDDS. Based on the descending order of SUI rank order of the
IPDDS was made to understand the use of IPDDS.

3.6.3.3 Benefits obtained by using IPDDS

Benefits obtained by using IPDDS are the extent of benefits obtained by the users by using
IPDDS for detecting diseases of their crop. A total of 9 items of benefits obtained by using
IPDDS were collected through consultation with relevant expert. A scale was developed for
the study. where 0,1, 2 and 3 were assigned for obtaining no, low, moderate and high benefit
against each item of using IPDDS. Finally, scores of benefits obtained by respondents by
using IPDDS was determined by adding all the scores against all the items. Thus, benefit score
of the respondents ranged 0 - 27. Where ‘0’ indicated no benefit and ‘30’ indicated highest
benefits of the respondent. Question regarding this variable appears in the item no. 13 in the
interview schedule (Appendix I).

Benefit Index: Benefit Index (BI) of an item was measured by adding the scores of all the
respondents against that item by using the following formula:

Bl = fix3 + fmx2 + fix1 +fx0

Where,

Bl = Benefit Index

fn = Frequency of respondents obtained high benefit

fm = Frequency of respondents obtained moderate benefit

fi = Frequency of respondents obtained low benefit

fn =Frequency of respondents obtained no benefit

Standardized Benefit Index: Standardized Benefit Index (SBI) was measured by using the

following formula for each item:

Computedbenefitindex
Possible highest benefitindex

x100

Standardizd benefitindex (SBI) =

Thus the range of SBI of the items was 0-100, where ‘0’ indicated no benefits and ‘100’
indicated highest benefits. Based on the descending order of SBI rank order of the items were

made to understand the importance of the items.
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3.6.3.4 Obstacles faced in using IPDDS

Obstacles faced in using IPDDS refers to the extent of obstacles faced by the users during
using IPDDS for detecting diseases of their crop. A total of 10 obstacles in using IPDDS were
collected through consultation with relevant expert. A scale was developed for measuring the
obstacles faced in using IPDDS. where 0,1, 2 and 3 were assigned for facing no, low, moderate
and high obstacles against each item of using IPDDS. Finally, the score of obstacles faced by
a respondent in using IPDDS was determined by adding all the scores. Thus, obstacle faced
score of the respondent ranged from 0-30. Where ‘0’ indicated no obstacle and ‘30’ indicated
highest obstacles of the respondent in using IPDDS. M. F. Hasan et al. (2020) used a similar
scale in measuring constrains faced by user in using ICTs. Question regarding this variable

appears in the item no. 14 in the interview schedule (Appendix I).

Obstacle Index: Obstacle Index (Ol) of an item was measured by adding the scores of all the
respondents against that item by using the following formula:

Ol = fnx3 + fmx2 + fix1 +fx0

Where,

Ol = Obstacle Index

fn = Frequency of respondents facing high obstacle

fm = Frequency of respondents facing moderate obstacle

fi = Frequency of respondents facing low obstacle

fn = Frequency of respondents facing no obstacle

Thus, the obstacle faced score of the respondent could be ranged 0-30. Where ‘0’ indicated
no obstacle and ‘30’ indicated the highest obstacles of the respondent. Attempts were taken
to seek suggestion from the respondents against each obstacle to mitigate them which helped
to prepared the improved model for IPDDS. M. F. Hasan et al. (2020) computed the Constraint
Faced Index (CFI) using a similar formula.

Standardized Obstacle Index: Standardized Obstacle Index (SOI) was measured by using

the following formula for each item:

46



Computed obstacleindex
Possible highest obstacleindex

Standardizd Obstacle Index (SOI) = x100

Thus, the range of SOI of the items could be 0-100, where ‘0’ indicated no obstacles and ‘100’
indicated the highest obstacles. Based on the descending order of SOI rank order of the item
(among the dimension and among all the items) were made to understand the importance of

the items.

3.8 Measurement of Effectiveness of IPDDS (Dependent Variable)

3.8.1 Development of a scale for measuring the effectiveness of IPDDS

This study adapted the method from M. S. Ali (2008). A detailed outline of the method is
diagrammatically presented in Figure 3.1.

Initial collection of effectiveness items: This study adopted a rigorous method of scale
development and data collection such as literature review, developers’ interviews, users’
reviews. This search primarily yielded 32 items. Then 32 items were primarily selected in

consultation with the advisory committee.

Selection of items by computing t-value based on pre-test results: The primarily selected
(32) items were administered to 24 users. The users for administering the items were randomly
selected and were different from the sample users of the present study. They were asked to
indicate their perception of effectiveness of IPDDS by giving score of 3,2,1 and O for
indicating highly effective, moderately effective, low effective, and not effective at all
respectively. Thus, the possible score of the effectiveness scale ranged from 0-96, while ‘0’
indicates the lowest effectiveness and ‘96’ indicates the highest effectiveness of using IPDDS.
Respondents were also requested to provide suggestions or give comments regarding the

clarity of the questionnaire items.
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Effectiveness of IPDDS

Literature G
review [ 1___ 3] Initial collection of effectiveness
Developer’s ﬂ Split-half
Comments |— test

Selection of items by computing
t-value based on pre-test results

U_sers’ Cronbach’s
reiweV\t/ on |— alpha test
play store

v

Testing validity and reliability +/ AIC test

4

Construction of scale by using selected items

Case
studies

Fig. 3.2 Summarized operational steps involved in construction of scale to measure
effectiveness of IPDDS

Analysis of effectiveness items as per Likert’s Technique of Summated Ratings: Selected
32 items were analyzed using Likert’s Technique of Summated Ratings for the final selection
of items to measure the effectiveness of using IPDDS. Analysis of items consisted of the
frequency distribution of scores based upon the responses to all pretest items. The top 25
percent of the respondents with the highest scores (high group) and the bottom 25 percent of
the respondents with the lowest scores (low group) were used as criterion groups to evaluate
the individual item. The critical ratio (t-value) was calculated by using the following formula
as suggested by Edwards (1957):
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Where,
Xy = The mean score on a given statement for the high group
X, = The mean score on a given statement for the low group
Sy*= The variance of the distribution of responses of the high group to the statement
S, % = The variance of the distribution of responses of the low group to the statement
ny = The number of subjects in the high group
n;, = The number of subject in the low group
As ny=n;=n (number of subjects/respondents in each group) and the same percentages of
the total number of subjects for the high and low groups were selected, the formula was
reformed as:
Xy — X,

jZ(XH — X2 + (X, — X)°

t =

nn—1)
Where,

— X 2
Z(XH_XH)Z = ZXHZ — &xur

n

And
— 2
Z(XL - XL)Z = ZXLZ - —(Z?)

> X, = Sum of the squares of the individual scores in high group

¥ X, %= Sum of the squares of the individual scores in the low group

The value of ‘t” was a measure of the extent to which a given items differentiate between the
high and low groups. As suggested by Edwards (1957), there is a thumb rule of rejecting items
with ‘t” values <1.75. Usually, a t-value equal to or greater than 1.75 indicates that the average
responses of the high and low groups to an item differ significantly. Finally, t-values of all the
items were determined. The items having ‘t” values > 1.75 were finally selected for scale.
Thus, 22 items of effectiveness of IPDDS out of 32 were selected for the final scale which

may be seen in Appendix V.
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3.8.2 Testing validity and reliability

The validity and reliability of a scale are very important issues to be ensured during developing
the scale. The content validity was ensured in the process of constructing the scale. Based on
pre-test results, items having t-value of > 1.75 were selected for the final scale. Again, the
validity of items was measured by the relationships between the score of each individual item
and the total score against all the items. The coefficient of correlations between the scores of
individual item and overall score against all the items were significant at 0.000 to 0.05 level
with 22 degrees of freedom for all the item. On the basis of the procedure followed, it can be

assumed that the scale had content validity.

Cronbach’s alpha and Average Inter-ltem Correlation (AIC) of the items were determined.
Cronbach’s alpha value of > 0.7 indicates strong reliability (George and Mallery, 2006),
(Tavakol and Dennick, 2011) and AIC of > 0.15 indicates that the items on the scale are
assessing the same content (Cohen et al., 2012). It was found that the Cronbach’s alpha of
the items was 0.936 which was greater than 0.7. Chin et al. (1988) test the overall reliability
of items using Cronbach's alpha and they found the value 0.939 in development of a tool
measuring user satisfaction of the human-computer interface. They interpreted that the
questionnaire had maintained a high degree of reliability. Again AIC of 22 items were 0.468
which was greater than 0.15. Therefore, it can be said that the internal consistency reliability
of the items was strong. It means that the scale constructed by using the above procedures was
reliable. Again, the reliability of the scale was measured by split-half method. All the 22 items
were divided into two halves, one with 11 odd-numbered items and the other with 11 even-
numbered items. The coefficient of correlation between the two sets of scores of the users
against the odd-numbered items and even-numbered items was computed and the value was
found to be strongly significant (0.937) at 0.000 level with 22 degrees of freedom. The
reliability co-efficient, thus obtained indicated that the ‘internal consistency’ of the items was

quite high.

3.8.3 Construction of scale by using selected items
A total of 22 items (having t-value > 1.75) constituted the scale for measuring the effectiveness

of IPDDS. These were to administered to the respondent users by assigning the scores as 3, 2,
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1 and 0 for ‘highly effective’, ‘moderately effective’, ‘low effective’ and ‘not at all effective’
respectively against each item. Total score of a respondent was obtained by adding all the
scores against all the items of the respondent. Thus, the effectiveness of IPDDS score of the
respondents could range from 0-66, where ‘0’ indicates not at all effective and ‘66’ indicates

highly effective.

3.8.4 Measuring Standardized Effectiveness Index (SEI)

Effectiveness Index: Effectiveness Index (EI) of an item was measured by adding the scores
of all the respondents against that item by using the following formula:

El = fax3 + fmx2 + fix1 +fnx0

Where,

El = Effectiveness Index

fn = Frequency of respondents perceived highly effective

fm = Frequency of respondents perceived moderately effective

fi = Frequency of respondents perceived low effective

fn = Frequency of respondents perceived not at all effective

Thus, the range of El of the items could be 0-3x384 i.e. 0-1152, where, ‘0’ indicated not at all
effective and ‘1152’ indicated highest effectiveness of the item. Salam and Khan (2020) used
similar way for calculating index score of a 5 point Likerd scale.

3.7.2.2 Standardized Effectiveness Index (SEI)
Standardized Effectiveness Index (SEI) was measured by using the following formula for

each item:

Computedeffectiveness index
Possible highest effectiveness index

Standardizd effectivness index (SEI) = x100

Thus, the range of SEI of the items could range 0-100, where ‘0’ indicated no effectiveness
and ‘100’ indicated highest effectiveness. Based on the descending order of SEI rank order of
the item (among the dimension and among all the items) were made to understand the

importance of the items.
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Average Standardized Effectiveness Index (ASEI): Average Standardized Effectiveness

Index (ASEI) was measured by using the following formula for each item:

Sum of SEI of all theitems of thedimension
No of items of thedimension

ASEIl =

Where, ASEI = Average Standardized Effectiveness Index
Based on the descending order of ASEI, rank order of the dimensions of effectiveness was

made.

3.9 Statement of Hypothesis

According to Kerlinger (1973), a hypothesis is a conjectural statement of the relation between
two or more variables. Hypothesis are always in declarative sentence form and they relate
either generally or specifically variables to sentence form and they relate either generally or
specifically variables to variables. The hypothesis may be broadly divided into two categories,

namely, research hypothesis and null hypothesis.

3.8.1 Research hypothesis

In the light of the objectives of the study and variables selected, the following research
hypotheses was formulated to test them. The research hypotheses were stated in positive form;
the hypotheses were as follows:

“Each of the fourteen (14) selected characteristics of the respondents have significant
contribution/effect to/on the effectiveness of IPDDS”.

The hypotheses can be extended as each of the fourteen (14) selected characteristics of the

respondents contributes to the effectiveness of IPDDS either positively or negatively.

3.8.2 Null hypothesis
The aforesaid research hypothesis was converted into a null hypothesis for testing the
conceptual model of the study. The major null hypothesis formulated for testing the

conceptual model of the study is presented below:
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“There is no significant contribution/effect of the fourteen (14) selected characteristics of the

respondents to/on the effectiveness of IPDDS”.

3.10 Data Processing

3.10.1 Editing

The collected raw data were examined thoroughly to detect errors and omissions. As a matter
of fact, the researcher made a careful scrutiny of the completed interview schedule to make
sure that necessary data were entered as complete as possible and well arranged to facilitate
coding and tabulation. Very minor mistakes were detected by doing this, which were corrected

promptly.

3.10.2 Coding and tabulation

Having consulted with the research Advisory Committee Members, the researcher prepared a
detailed coding plan. In case of qualitative data, suitable scoring techniques were followed by
putting proper weightage against each of the traits to transform the data into quantitative
forms. These were then tabulated in accordance with the objective of the study.

3.10.3 Categorization of data

Following coding operation, the collected raw data as well as the respondents were classified
into various categories to facilitate the description of the independent and dependent variables.
These categories were developed for each of the variables by considering the nature of
distribution of the data and extensive literature review. The procedures for categorization have

been discussed while describing the variables in chapter 4.

3.10.4 Statistical analysis

IBM SPSS 20 was used for data analysis. Descriptive statistical measures including number
and percentage distribution, range, mean, standard deviation and co-efficient of variance were
used for describing both the independent and dependent variables. Rank order was made

whenever necessary. Tables were also used in presenting data for the clarity of understanding.

53



Initially, Spearman’s rank correlation was run to determine the relationship of each of the
selected characteristics of the users with the effectiveness of IPDDS. Full model regression
analysis was also done. Due to misleading results from multi-collinearity, stepwise multiple
regression was used by involving significant independent variables after the correlation test
to find out the contribution of the independent variables to the dependent variable. Finally,
path analysis was done to find out the indirect effects of the independent variables separately
on the dependent variable. A five percent (0.05) level of probability was used as the basis for
rejection of any null hypothesis throughout the study. Co-efficient values significant at 0.05
level are indicated by one asterisk (*), and that at 0.01 level by two asterisks (**) and at 0.001
level or above by three asterisks (***). For determining comparative effectiveness of the
items, rank order was made based on the descending order of the Standardized Effectiveness
Index (SEI), Use Index (Ul) and Obstacle Faced Index (OFI), and Benefit Index (Bl)
respectively. Khalak et al. (2018) used similar method to study factors associated with
farmers’ extent of access to ICT based media. Suggestions from the respondent to mitigate

the obstacles were analyzed using word mapping online software (Zygomatic, 2021).
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CHAPTER 4
RESULTS AND DISCUSSION

This Chapter intended to discuss the findings of the research. According to the objectives of
the study, the findings of the study are discussed in the following heads:
v Purpose of using IPDDS, profession, gender, and geographical regions of IPDDS users
v’ Effectiveness of IPDDS as perceived by the users
v' Characteristics of the IPDDS users
v Contribution and effects of the selected characteristics of the users to/on their

perceived effectiveness of the IPDDS

<\

Benefits obtained and obstacles faced in using IPDDS

v" Development of an improved model of IPDDS

4.1 Purpose of Using IPDDS, Profession, Gender, and Geographical Regions of IPDDS
Users
4.1.1 Purpose of Using IPDDS,

Peoples of Bangladesh mainly use IPDDS for detecting plant diseases. But the users’ specific
purposes are varied as: own farming purpose, farm supporting purpose, service purpose,
business purpose, roof top gardening purpose, service and farming purpose, business and
farming purpose, and study purpose. The distribution of the users of IPDDS according to the
use purpose is shown in Figure 4.1.1. The figure showed that according to purpose of use,
user of IPDDS in percent own farming purpose (44%) ranked first followed by farm
supporting purpose (34%), service and farming purpose (6.8%), business and farming purpose
(4.4%), service purpose (3.6%), roof top gardening purpose (3.2%), study purpose (2.0%) and
business purpose (2.0%). The findings indicate that IPDDS is mostly used in own farming

purpose. Hassan et al. (2008) studied the use of Information and Communication Technology
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(ICT) among agro-based entrepreneurs in Malaysia and revealed that market information,
production input, advice, loan service, agriculture land, post-harvest, record saving,
entrepreneurs information sharing, disease control, output processing, weather information,
business opportunity, ICT information are the major purpose of using ICT. Their study
focused on the general ICT use purpose but the current study is focused on the use of IPDDS
covering advice, disease control and weather information of the study conducted by Hassan
et al. (2008).
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Fig. 4.1.1 Distribution of the users of IPDDS according to purpose of use

4.1.2 Profession of user

IPDDS is used for various proposes. Beside farmer, govt. service holders, private service
holders, businessmen, and students were found to use IPDDS. The distribution of the users of
IPDDS according to profession is shown in Figure 4.1.2. The figure showed that according to
the profession of the user of IPDDS in percent farmer (36%) ranked first followed by private

service holder (18.8%), businessman (17.2%), student (16.0%), and Govt. service holder
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(12.0%). This is an indication of being IPDDS used by a wide range of professionals.
Government Organization (GO) and Non-Government Organization (NGO) do not guarantee

services to the all above mentioned professional people. The findings indicated that IPDDS
was an alternative.
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Fig. 4.1.2 Distribution of the users of IPDDS according to the profession

4.1.3 Gender of users

The distribution of the users of IPDDS according sex is shown in Figure 4.1.3.

Sex of user

Fig. 4.1.3 Distribution of the users of IPDDS according to gender
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The figure shows that 98.0% of the users were male and only 2.0% user were female.

Campaigning should be done among the female regarding the use of IPDDS.

4.1.4 Geographical region of the user

Whole Bangladesh is divided into 14 agricultural regions for proper delivery of agricultural
extension services to the farmer. Department of Agricultural Extension (DAE) provides
agricultural extension services to the farmer all through 14 agricultural regions. Study sample
covered all the regions. The distribution of the users of IPDDS according to the agricultural

region is shown in Figure 4.1.4.
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Fig. 4.1.4 Distribution of the users of IPDDS according to the agricultural regions

Figure 4.4 shows that according to the distribution of user in percent Dhaka region ranked
first (15.2%) followed by Rangpur (13.6%), Dinajpur (13.2%) Rajshahi (10.0%), Bogra
(8.8%), Jashore (8.4%), Mymensingh (6.0%), Cumilla (5.2%), Khulna (4.8%), Sylhet (3.2%),
Chattogram (2.8%), Barisa (2.8%), Faridpur (2.4%) and Rangamati (1.6%). A cause behind
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Dhaka region being first in ranking might be ICT advantages of users and socio-economic

advancement. This also indicate that the respondents are quite fairly distributed.

4.2 Effectiveness of IPDDS

Effectiveness of IPDDS was the main focus of the study i.e. the dependent variable of the
study. Effectiveness of IPDDS was measured based on the perception of the users on six (6)
dimensions like system accuracy, user-friendliness, off-line usability, device responsiveness,
content quality and user satisfaction. Under these six dimensions 22 items were selected to
measure the effectiveness of IPDDS as described in Chapter 3 of this dissertation. Each of the
22 items was measured having a possible score ranging from 0-66 as shown in the question
no. 15 of the interview schedule (Appendix I). Finally, effectiveness of IPDDS as perceived
by users was measured by adding the scores obtained by them against all the 22 items.
Measuring unit, possible range, observed range, mean, standard deviation (SD) and co-
efficient of variance (CV) of the effectiveness of IPDDS as perceived by the users are shown
in Table 4.1.

Table 4.1 Measuring unit, Possible and Observed range, Mean, Standard Deviation (SD)
and Co-efficient of Variance (CV) of the effectiveness of IPDDS as perceived
by the user respondents

Dependent Measuring  Possible Observed Mean SD CV %
Variable unit range range
Effectiveness of
IPDDS as perceived Scores 0-66 14-65 38.84 9.221 23.74

by the users
Based on their effectiveness scores, the users were classified into three categories. The

distribution of the users according to their perceived effectiveness of IPDDS is shown in Table
4.2. Data in the table showed that most of the users (77.90%) perceived that IPDDS was
moderately effective while 19.50% user perceived as highly effective and 2.60% perceived as
less effective in getting plant disease-related services.

Table 4.2 Distribution of the users according to their perceived effectiveness of IPDDS

User categories Basis of categorization
. Frequency Percent
(Possible score)
Low effectiveness 0-22 10 2.6
Moderate effectiveness 2344 299 77.9
High effectiveness >44 75 19.5
Total 384 100
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This is an indication of being IPDDS useable in providing plant disease-related services in the
field of agriculture. Findings also indicated that an overwhelming majority (80.5%) of the
users perceived that IPDDS was low to moderate effective to detect plant diseases and getting
plant diseases related services. Sultana et al. (2019) conducted study on Krisoker Janala -a
Bangladeshi IPDDS and they reported that 64.2% of the respondents perceived Krisoker
Janala as moderately effective while 24.5% and 11.3% of them perceived as less and highly
effective respectively. Rupavatharam and Kennepohl (2018) studied the mobile application
‘Plantix’ an IPDDS that assists farmers in detecting damage on plants with the help of a smart
phone image and reported that for over 100 classes the detection accuracy of plantix was over
90 %. They also reported that in some cases like early and late leaf spots of peanut an accuracy
of over 95 % (15,000 images) was witnessed. Malek (2015b) also studied Krisoker Janala and
reported that an overwhelming majority (94%) of the respondents had the opinion that the
new intervention was most suitable for them.

A good number of studies were conducted on several models used for IPDDS and found
different level of accuracy. Tetila et al. (2020), Wallelign et al. (2018), Sandino et al. (2018),
Sibiya and Sumbwanyambe (2019) and Prakash et al. (2017) developed models for IPDDS
and they claimed accuracy value of their models as 99.04%, 99.35%, 97.35%, 92.85%, and
90% respectively. Some of the models have been implemented and tested in real field
situations by entrepreneurs or start-ups. R. U. Khan et al. (2021) reviewed the works on
IPDDS done from 2016-2021 and showed that the accuracy of mostly used IPDDS models
ranged from 78.00% to 99.70%. Although their study was on model performance; no real field
study included, an idea about effectiveness of IPDDS found from their study and their findings

support the findings of the current study.

4.2.1 Dimension and item wise comparative effectiveness of using IPDDS

To compare the dimension and item wise effectiveness of using IPDDS, Standardized Effect
Index (SEI) was computed as described in Chapter 3 of this dissertation. The observed
Standardized Effect Index (SEI) of the items ranged from 37.50% to 77.86 against the possible
range of 0-100%. Rank order of the items were made based on the descending order of SEI

among the dimensions and among all the items. Rank order was also prepared by the
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descending order of Average Standardized Effect Index (ASEI) of the dimensions as presented

in Table 4.3.

4.2.1.1 Dimension wise comparison of the effectiveness of IPDDS
Based on ASEI ‘user satisfaction’ ranked first among the dimensions of effectiveness of

IPDDS followed by °‘system accuracy’, ‘user friendliness’, ‘content quality’, ‘offline

usability’ and ‘device responsiveness’ (Table 4.3).

Table 4.3 Effectiveness of IPDDS with Effectiveness Index (El), Standardized
Effectiveness Index (SEI) and rank order of each dimensions and items

Extent of effectiveness, number of users and rank order

Rank order
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User-friendliness
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Easy to
5 remember how 127 63 69 125 384 576 50.00 5 15
to use
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the software
Lower device
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8 Comforttouse 75 195 29 85 384 644 55.90 3 12
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Table 4.3 (Contd.)

Extent of effectiveness, number of users and rank order

Rank order
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User satisfaction: Based on ASEI ‘user satisfaction’ ranked first among the dimensions of
effectiveness of IPDDS. Based on the descending order of SEI among five (5) items of user
satisfaction, ‘on-time service’ ranked first followed by ‘time needed for getting service’,

‘service cost’, ‘delivery of the service’ and ‘ease of the system’.

System accuracy: Based on the descending order of SEI among three (3) items of system
accuracy, ‘proper identification of plant disease’ ranked first followed by ‘smoothly working

system’, and ‘negligible error in the system’.

User-friendliness: Based on the descending order of SEI among five (5) items of user
friendliness, ‘casy to use’ ranked first followed by ‘lower device hanging tendency’, ‘comfort

to use’, ‘lower size of the software’ and ‘easy to remember how to use’.

Content quality: Based on the descending order of SEI among three (3) items of content
quality, ‘usefulness of content’ ranked first followed by ‘validity of content” and ‘updates of

content’.

Off-line usability: Based on the descending order of SEI among three (3) items of off-line
usability, ‘off-line running’ ranked first followed by ‘off-line sharing’ and ‘off-line

installation’

Device responsiveness: Based on the descending order of SEI among three (3) items of device
responsiveness, ‘running in any smart device’ ranked first followed by ‘platform operability’

and ‘requirement of lower processor’.

Similar results have been reported by other researchers. Such as- student’s satisfaction on an
online software found to be dependent mostly on utility and flexibility; for these, usefulness,
accuracy, ease of navigation, customized access, uptime, flexibility guidance, customized
content were considered (Herlina et al., 2013). Rongbutsri et al. (2017) measure the users’
satisfaction on a learning mobile application based on functions and information of the
application. Zhang et al. (2016) researched on 121 Chief Information Officer (CIO). By
analyzing every of the 121 CIO’s perspectives in the collaborative work sessions, they
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generated a total of 42 ways to assess Information Technology (IT) effectiveness. Of these,
customer satisfaction tops the list, followed by project metrics, operational performance etc.
Therefore, conclusion can be made that other researches also support the findings of the

current study.

4.2.1.2 Item wise comparison of the effectiveness of IPDDS

Data in Table 4.3 revealed that according to descending order of Standardized Effectiveness
Index (SEI), ‘on-time service’ ranked first among the items of effectiveness followed by ‘time
needed for getting service’, ‘service cost’, ‘delivery of the service’, ‘ease of the system’,
‘proper identification of plant disease’, ‘smoothly working system’, ‘negligible error in the
system’, ‘usefulness of content’, ‘easy to use’, ‘lower device hanging tendency’, ‘comfort to
use’, ‘lower size of the software’, ‘off-line running’, ‘easy to remember how to use’, ‘off-line
sharing’ ‘off-line installation’, ‘validity of content’, ‘running in any smart device’ platform

operability’, ‘updated content’ and ‘requirement of lower processor’.

Findings from the study of Herlina et al. (2013) indicated that the best indicators that students
mostly score for a good satisfaction were usefulness then ease of use, accuracy, ease of
navigation respectively they reported that the worst indicators was customized access

indicator. Effectiveness items of the current study are discussed below in descending order.

On-time service: Table 4.3 revealed that ‘on-time service’ ranked first (SEI = 77.86) among
all items and within the dimension based on the descending order of El and SEI of the items.
It is very important for the respondents or users to save their crop from loss due to disease.
Alam and Wagner (2013) assessed the impact of a digital procurement system via mobile
phone and reported that service recipients get 30% more on-time service by using the system.
Therefore, it can be said that on-time service is an important consideration for the
effectiveness of IPDDS.

Time needed for getting service: It ranked second (SEI = 77.34) among all items based on
the descending order of El of the items. For assessing the effectiveness of IPDDS time needed

for getting services is a very important item. Rupavatharam and Kennepohl (2018) studied the
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mobile application ‘Plantix’ an IPDDS that assists farmers in detecting damage on plants with
the help of a smart phone image. They reported the system provide services to the user with

in few second. The findings of their study support the findings of the current study.

Service cost: ‘Service cost’ ranked third among the items. De Silva and Ratnadiwakara (2008)
reported a 33.0 percent reduction of costs in information search even without accounting for
time saved. Therefore, it is justified to consider service cost paid by farmer for considering
effectiveness of IPDDS.

Delivery of the service: ‘Delivery of the service’ ranked fourth among all the items based on
the descending order of El and SEI of the items. It is an important consideration for deciding
the effectiveness of IPDDS. Sanga et al. (2016) studied the impact of mobile learning in

Tanzania and reported that it bridging the gap in agricultural extension service delivery.

Ease of the system: ‘Ease of the system’ ranked 5™ based on the effectiveness index of
IPDDS. Kante et al. (2017) suggested that relative advantage, compatibility and simplicity
and the delivered information quality were able to explain 77.9% of the variance in the use of

ICTs to access and use agricultural input information.

Proper identification of plant disease: IPDDS used by farmer to identify plant disease
properly. ‘Proper identification of plant disease’ ranked 6 based on the descending order of
El and SEI of the items.

Smoothly working system: It ranked 7" based on the descending order of El and SEI of the
items. It is important consideration for the farmers. If IPDDS work properly then user think

it’s effectively positively.
Negligible error in the system: It ranked 8" based on the descending order of El and SEI of

the items. Farmers’ or users’ perceptions regarding the effectiveness of IPDDS is closely

related to the system error. High error in the system affect farmer’s perceptions.
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Usefulness of content: It ranked 9" based on the descending order of El and SEI of the items.
Wilson et al. (2021) described it as ‘presentation” meaning the way of information are
organized in a way that users can easily understand and ‘understandability’ meaning the extent

to which information is clear, and unambiguous and easily interpretable to users’ context.

Easy to use: It ranked 10" based on the descending order of El and SEI of the items. The
findings are supported by Kante et al. (2017). They suggested that relative advantage,
compatibility and simplicity and the delivered information quality were able to explain 77.9%
of the variance in the use of ICTs to access and use agricultural input information. That is
compatibility or running the system in any smart device is a very important consideration in

determining effectiveness of IPDDS.

Lower device hanging tendency: It ranked 11™ based on the descending order of El and SEI

of the items.

Comfort to use: It ranked 12" based on the descending order of El and SEI of the items. The
findings are supported by Kante et al.(2017). They suggested that relative advantage,
compatibility and simplicity and the delivered information quality were able to explain 77.9%
of the variance in the use of ICTs to access and use agricultural input information. That is
compatibility or running the system in any smart device is a very important consideration in

determining effectiveness of IPDDS.

Lower size of the software: It ranked 13" based on the descending order of El and SEI of

the items.

Off-line running: It ranked 14" based on the descending order of El and SEI of the items.

Easy to remember how to use: It ranked 15" based on the descending order of El and SEI

of the items.

Off-line sharing: It ranked 16" based on the descending order of El and SE| of the items.
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Off-line installation: It ranked 17" based on the descending order of El and SEI of the items.

Validity of content: It ranked 18" based on the descending order of El and SEI of the items.
Wilson et al. (2021) identified accuracy, credibility, context-specific, completeness, relevancy
and timeliness as the essential features of the information quality for an information system
in agriculture which was substantiated through the preliminary analysis of user reviews on the

agriculture mobile application

Running in any smart device: It ranked 19" based on the descending order of El and SEI of
the items. The findings are supported by Kante et al.(2017). They suggested that relative
advantage, compatibility and simplicity and the delivered information quality were able to
explain 77.9% of the variance in the use of ICTs to access and use agricultural input
information. That is compatibility or running the system in any smart device is a very

important consideration in determining effectiveness of IPDDS.

Platform operability: It ranked 20" based on the descending order of El and SE| of the items.

Updated content: It ranked 21" based on the descending order of El and SEI of the items.
Wilson et al. (2021) reported context-specific, completeness and timeliness as the essential
features of the information quality for an information system in agriculture which was
substantiated through the preliminary analysis of user reviews on the agriculture mobile

application.

Requirement of lower processor: It ranked 22" based on the descending order of El and SEI

of the items.

4.2.2 Findings from case study on Bangladeshi IPDDS ‘Krishoker Janala’
During the period of conducting PhD research, the researcher conducted a case study titled
‘Image-based plant disease detection system- an experience of Bangladesh’ to find out the

effectiveness of Bangladeshi IPDDS ‘Krishoker Janala’ as perceived by the user which is
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published in the Bangladesh Journal of Extension Education, Volume 32 in 2020. The study
revealed that 84.62%, 11.54% and 3.85% respondent found Kriskoker Janala as highly
effective, moderately effective and less effective respectively. The study also found that 92%
of the respondents could solve their plants’ problem using Krishoker Janala application by
their own; did not need help from others. Study also revealed that it was an exceptional
experience of Bangladesh in the field of image-based plant disease detection. The full article
may be seen in Appendix VIII. From the field study of Karim et al. (2020) at Dakkhin
Kharibari village in Tepa Kharibari union of Dimla Upazila under Nilphamari district of
Bangladesh, it was known that 83.5% women farmers used Krishoker Janala for agricultural
services. Their study also revealed that ‘insect and disease control measures’ was ranked first
in the rank order of the agricultural activities according to the role of mobile phone. Krishoker
Janala mostly deals with insect and disease control measures. Therefore, a conclusion can be
drawn that there is evidence from other studies regarding the findings of the case study. The
findings and experience of the case study helped in selecting the items and developing scale

and questionnaire for the present study.

4.3 Characteristics of the IPDDS Users

The purpose of this section is to describe the 14 selected Characteristics of the sampled users
of IPDDS as independent variables of the study. These Characteristics of the users are
described in the following four (4) sub-sections of this Chapter. Procedure followed in
measuring the characteristics have been described in Chapter 3. For describing the
characteristics of the users, they were classified into suitable categories according to each of
the characteristics. Category wise number and percentage distribution have been used to

describe the characteristics.

4.3.1 Personal characteristics

Out of several personal characteristics of a user, four personal characteristics of the respondent
users namely age, education, use of ICT and farming experience were selected for the present
study. Salient features including measuring unit, possible and observed range, mean, Standard
Deviation (SD) and Co-efficient of variance (CV) of the four selected personal characteristics
of the users are presented in Table 4.4.
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Table 4.4 Salient features including measuring unit, possible and observed range, Mean,
Standard Deviation (SD) and Co-efficient of Variance (CV) of the four selected
personal characteristics of the users

Mgasuring Possible  Observed
Characteristics unit range range Mean SD  CV%
Age Actual years Unknown 14-63 9393 7804 27.64
Education Schooling years Unknown 4 -17 1410 2.621 1859
Use of ICT Score 0-8 2-8 6.01 1475 2454
Farming experience  Year Unknown 0-40 6.13 6.104 99.58

4.3.1.1 Age
The observed age of the users ranged from 14 to 63 years, the mean being 28.23 with a

standard deviation 7.804 and co-efficient of variation 27.64 (Table 4.4). Distribution of the

users according to their age is shown in Table 4.5.

Table 4.5 Distribution of the users according to their age

Categories Basis of categorization Users
Number Percent
Young aged up to 35 333 86.7
Middle aged >35-50 40 10.4
Old aged >50 11 2.9
Total 384 100.0

Data contained in the Table 4.5 indicated that overwhelming majority (86.70%) of the users
were young compared to 10.40 percent being middle aged and 2.90 percent old. Co- efficient
of Variation (27.88%) of age of the respondents indicated that the sampled users were
homogenous based on their age. The general notion found from the introduction of the newest
technologies both within agriculture and outside of it is that older generations are the last to
adopt them, while the younger generations typically embrace them more quickly (Dhraief,
2018). Aldosari et al. (2019) showed in their study that 34.4% and 33.3% respondents were
belonged to the age group of 25-35 and 36-45 years respectively, only 10.9% respondents

were below 25 years and 21.3% respondents were above 45 years. However, age of the
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respondent users was not significantly related (p = 0.014 at 0.05 level of probability) with
their perceived effectiveness of the IPDDS. The findings imply that the age of the users were
not an important factor for exerting the effectiveness of using IPDDS but the negative value
of ‘p’ indicates that effectiveness of using IPDDS insignificantly degrease with increase of

age.
4.3.1.2 Education

Education of the IPDDS users ranged from 4.0 to 17.0, the mean being 14.10 with the standard
deviation of 2.621 and co-efficient of variation of 18.59%. The distribution of the users
according to their education is shown in Table 4.6. Data presented in Table 4.6 indicated that
the highest proportion (68.0%) of the users had tertiary level of education, compared to 20.6
percent higher secondary education level, 10.20 percent secondary level of education and
1.30 percent primary level of education. These finding indicated that cent percent (100%) of
the respondents were literate with primary to tertiary level of education and it was higher level

of education than the national average literacy rate of 72.8% (BBS, 2018a).

Table 4.6 Distribution of the users according to their education

_ ] o Users
Categories Basis of categorization
Number Percent

Primary education 1to5 5 1.3
Secondary education 6 to 10 39 10.2
Higher secondary education 11to 12 79 20.6
Tertiary education above 12 261 68.0

Total 384 100.0

The reason behind this was that the sample users were of several group like farmers, business,

service holders, students etc. Besides, IPDDS needs literacy to use it.

Co-efficient of variation of education of the sampled users (18.59%) indicated that the
sampled users were homogenous based on their education. However, education of the sampled
users was not significantly related (p = 0.015 at 0.05 level of probability) with their perceived

effectiveness of using IPDDS. The findings imply that the education of the users were not an
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important factor for the effectiveness of IPDDS. The positive value of ‘p’ indicates that
effectiveness of using IPDDS insignificantly increase with increase of level of education. This
insignificance might be due to that all the users of IPDDS were educated and need very low
technical knowledge to use IPDDS (need technical knowledge to use IPDDS ranked 8™ among
10 obstacles of using IPDDS (Table 4.6).

4.3.1.3Useof ICT

The observed range of extent of use of ICT of the sample users ranged from 2 to 8 with
possible range 0-8, the mean being 6.01 with the standard deviation of 1.475 and co-efficient
of variation 24.54% (Table 4.8). The sample users were classified into three categories based
on the extent of use of ICT. Distribution of the users according to their extent of use of ICT is

shown in Table 4.7.

Table 4.7 Distribution of the sample users according to use of ICT

User categories Basis of categorization Frequency Percent
Low user <(Mean - 1SD) i.e. < 4.538 21 55
Medium user (Mean £ 1SD) i.e. 4.538 — 7.488 253 65.9
High user > (Mean + 1 SD) i.e. >7.488 110 28.6
Total 384 100.0

Data presented in Table 4.7 indicated that the about two-thirds (65.90%) of the respondents
were medium user of ICT, compared to 28.60 percent high user of ICT and 12.80 percent low
user. Findings again revealed that an overwhelming majority (94.5%) of the users were

medium to high users of ICT.

Co-efficient variation (24.54%) of extent of use of ICT of the users indicated that the sampled
users were homogenous based on their extent of use of ICT. However, extent of use of ICT of
the sample users was significantly related (p = 0.168 at 0.01 level of probability) with their
perceived effectiveness of using IPDDS. The findings imply that the extent of use of ICT of

the users were an important factor for the effectiveness of using IPDDS.
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4.3.1.4 Farming experience

The observed range of farming experience score of the users was 0 to 40, the mean being 6.13
with the standard deviation 6.104 and co-efficient of variation 99.58% (Table 4.8). The sample
users were classified into three categories. Distribution of the users according to their farming
experience in is shown in Table 4.8. Data presented in Table 4.8 indicated that an
overwhelming majority (87.50%) of the users had medium farming experience, compared to
11.20 percent having long farming experience and 1.30 percent had short farming experience.
Co-efficient of variation (99.58%) of experience in farming of the users indicated that the
sampled users were heterogeneous based on their experience in farming. However, experience
in farming of the sampled users was not significantly related (p = 0.039 at 0.05 level of
probability) with their perceived effectiveness of using IPDDS. The findings imply that the
farming experience of the users were not an important factor for the effectiveness of using
IPDDS.

Table 4.8 Distribution of the users according to the farming experience of the user

Categories Basis of categorization Users

Number Percent

Short farming experience < (Mean - 1SD) i.e. <0.026 5 1.3

Medium farming experience (Mean = 1SD) i.e. 0.026 — 12.234 336 87.5

Long farming experience > (Mean + 1 SD) i.e. >12.234 43 11.2
Total 384 100.0

4.3.2 Socio-economic characteristics

Salient features including measuring unit, possible and observed range, Mean, Standard
Deviation (SD) and Co-efficient of variance (CV) of the four selected economic and social
characteristics of the IPDDS users have been presented in Table 4.9. Six Socio-economic
characteristics of the IPDDS users namely crop farm size, annual crop production income,
time saved, cost saved, visit saved and individual extension contact were selected for the
present study. Categories, number and percent distribution of these six selected economical
characteristics have been discussed below in sub-sections.
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Table 4.9 Salient features including measuring unit, possible and observed range, Mean,
Standard Deviation (SD) and Co-efficient of variance (CV) of the six (6)
selected Socio-economic characteristics of the users

Measuring Possible Observed

Characteristics unit range range Mean SD CV%

Crop farm size Decimal ~ Unknown 0-10000 264.03 58595 221.92

Annual crop 0.3240

production income “000° BDT Unknown 276.48 383.41  138.68
; Hours 0-25

Time saved Unknown 7.97 492 61.74

BDT 0-1500

Cost saved Unknown 201.72 187.35 92.88
i Frequenc 0-5

Visit saved quency Unknown 1.99 1.08 54.10

Individual

extension contact Scores 0-15 1-15 9.09 3.36 36.99

Data in Table 4.9 showed that standard deviation is higher than mean i.e. Co-efficient of
Variation (CV) was more than 100% in some cases. Expert suggested using range or median
to describe data when standard deviation is higher than mean to avoid misleading

interpretation (Alrubaiee, personal communication).

4.3.2.1 Crop farm size

Crop farm size of the user respondents were found to range from 0-10000 decimal with an
average of 264.03, standard deviation 585.95 and co-efficient of variation 221.92 percent
(Table 4.9). Depending on the crop farm size, the users were classified into four categories
such as marginal, small, medium and large crop farm size holder respondents as per guidelines
of DAE (2007) and BBS (2006b) as shown in Table 4.10. Table 4.10 showed that among the
user about 5.5% use IPDDS for roof top gardening purpose, 4.7% for service purpose, 2.6%
for study purpose and 1.8% for business purpose and most of them have very low (0 or near
about 0) crop farm size and annual crop production income which contributed to the incidence
of being standard deviation higher than mean. But these data were not excluded due to

importance of representation in the sample.
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Table 4.10 Distribution of the users according to their crop farm size

) Basis of categorization: Users
Categories
Number Percent
Marginal farm size Up to 50 87 227
Small farm size >50-247 176 45.8
Medium farm size >247-741 97 25.3
Large farm size >741 24 6.3

Total 384 100

Data furnished in Table 4.10 indicated that the highest proportion (45.8 percent) of the user
respondents had small crop farm size while 25.3 percent and 15.9 percent medium and had
marginal farm size respectively. Rest 6.3% of the respondents had large farm size. This was
because of inclusion of diversified user of IPDDS in the study (co-efficient of variation 221.92
percent). However, crop farm size of the farming respondents had significant positive

relationship (p = 0.106) with their perceived effectiveness of IPDDS.

4.3.2.2 Annual crop production income

The observed range of annual crop production income of the sampled users was 0 to 3240
thousand BDT, the mean being 276.48 with the standard deviation of 383.414 and co- efficient
of variation 138.68% (Table 4.9). The sampled users were classified into three categories
based on the range of annual crop production income. Distribution of the users according to
their annual crop production income is shown in Table 4.11. Data presented in Table 4.11
indicated that the most of the user (65.60 percent) had medium income followed by 25.5% of
the users had high income, 8.90 percent had low income from crop production. Co-efficient
of variation (138.68%) of annual crop production income of the users indicated that the sample
users were included from a wide range of diversity based on their annual crop production

income.
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Table 4.11 Distribution of the users according to their annual crop production income

Categories Basis of categorization Users
(Range) Number Percent
Low income 0-10 34 8.9
Medium income >10-300 252 65.6
High income >300 08 25.5
Total 384 100.0

Among the user about 5.5% use IPDDS for roof top gardening purpose, 4.7% for service
purpose, 2.6% for study purpose and 1.8% for business purpose (Table 4.1) and most of them
have very low (0 or near about 0) farm size and annual crop production income which
contributed to the incidence of being standard deviation higher than mean. But these data were
not excluded due to importance of representation in the sample. However, annual crop
production income of the sample users was positively associated (p = 0.076 NS, non-significant
at 0.05 level) with their perceived effectiveness of using IPDDS. The findings imply that the
annual crop production income of the users were not an important factor for the effectiveness
of using IPDDS.

4.3.2.3 Time saved

Time saved by using IPDDS for detecting plant disease ranges from 0-25 hours with the mean
of 7.97 and standard deviation of 4.92 and co-efficient of variation of 61.74 percent (Table
4.9). The user respondent of IPDDS were classified into three categories based on their time
saved by using IPDDS for detecting plant disease. Distribution of the users according time
they saved by using IPDDS is shown in Table 4.12. Data presented in Table 4.12 indicated
that the most of the user (70.60 percent) saved medium time compared to 15.60% of the users
saved low time, and rest 13.80 percent saved high time by using IPDDS. Findings again
revealed that an overwhelming majority (84.4%) of the users saved medium to high time for
getting plant disease-related services by using IPDDS. Malek (2015b) reported an average
saving of time by 48% by using the IPDDS Krishoker Janala.
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Table 4.12 Distribution of the users according to time they saved by using IPDDS

Categories ] o Users
Basis of categorization
Number Percent
Low time saver < (Mean - 1SD) 60 15.6
<3.05
Medium time saver (Mean - 1SD) - (Mean + 1SD) 271 70.6
3.05-12.89
High time saver > (Mean - 1SD 53 13.8
>12.89
Total 384 100.0

4.3.2.4 Cost saved

Cost saved by using IPDDS for detecting plant disease ranges from 0-1500 BDT with the
mean of 201.72, standard deviation 187.35 and co-efficient of variation 92.88 percent (Table
4.9). The user respondents of IPDDS were classified into three categories based on their cost
saved by using IPDDS for detecting plant disease. Distribution of the users according cost
they saved by using IPDDS is shown in Table 4.13.

Table 4.13 Distribution of the users according to cost saved by user by using IPDDS

Categories ) o Users
Basis of categorization
Number Percent

Low cost saver < (Mean - 1SD)

<14.36 43 11.2
Medium cost saver (Mean - 1SD) - (Mean + 1SD)

14.36-389.07 291 78

High cost saver > (Mean - 1SD
>3.89.07 50 13.0
Total 384 100.0

Data presented in Table 4.13 indicated that the most of the users (75.80 percent) saved medium
cost compared to 13.00% of the users saved high cost, 11.20 percent saved low cost by using
IPDDS for detecting plant disease. Malek (2015b) reported an average saving of cost by 86%
by using the IPDDS Krishoker Janala.
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4.3.2.5 Visit saved

Visit saved by using IPDDS for detecting plant disease ranges from 0-5 with mean was of
1.99 standard deviation of 1.08 and co-efficient of variation of 54.10 percent (Table 4.9). The
user respondent of IPDDS were classified into three categories based on their visit saved by
using IPDDS for detecting plant disease. Distribution of the users according visit they saved
by using IPDDS is shown in Table 4.14.

Table 4.14 Distribution of the users according to visit they saved by using IPDDS

Categories ) o Users
Basis of categorization
Number Percent
Low visit saver Uptol 109 28.4
Medium visit saver 2-3 252 65.6
High visit saver >3 23 6.0
Total 384 100.0

Data presented in Table 4.14 indicated that the most of the users (65.60 percent) saved medium
visit compared to 28.40% of the users saved low visit, 6.0 percent saved high visit by using
IPDDS for detecting plant disease. Malek (2015b) reported an average saving of visit of user
by 66.66% by using the IPDDS ‘Krishoker Janala’ for getting plant pest related services.

4.3.2.5 Individual extension contact

The observed score of individual extension contact of the sample users ranged from 1 to 15
against the possible range of 0-15, the mean being 9.09 with the standard deviation of 3.36
and co-efficient of variation of 36.99% (Table 4.9). The sample users were classified into
three categories based on individual extension contact. Distribution of the users according to
their extension contact is shown in Table 4.15. Data presented in Table 4.15 indicated that the
majority (69.3%) of the users had medium extension contact, followed by 16.7 percent having

high extension contact and 14.10 percent had low individual extension contact.
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Table 4.15 Distribution of the users according to their extension contact

_ o Users
Categories Basis of categorization NGmber Sercent
Low extension contact < (Mean - 1SD) i.e.<5.72 54 14.1
Medium extension contact (Mean + 1SD) i.e. 5.72 — 12.45 266 69.3
High extension contact > (Mean + 1 SD) i.e. >12.45 64 16.7
Total 384 100.0

Findings again revealed that more than two-third (86.00%) of the users had medium to high

individual extension contact.

Co-efficient of variation (36.99%) of extension contact of the users indicated that the users
were homogenous based on their extension contact. However, individual extension contact of
the users was positively related (p = 0.168 significant at 0.01 level) with their perceived
effectiveness of using IPDDS.

4.3.3 Professional characteristics

Salient features including measuring unit, possible and observed range, Mean, Standard
Deviation (SD) and Co-efficient of Variance (CV) of the four selected professional
characteristics of the users have been presented in Table 4.16.

Table 4.16 Salient features including measuring unit, possible and observed range,

Mean, Standard Deviation (SD) and Co-efficient of Variance (CV) of the four
selected professional characteristics of the users

Measuring | Possible | Observed

Characteristics unit range range |Mean| SD | CV%
Knowledge on plant Scores | 0-12 | 112 | 918 | 1.705 | 18.57
disease management
Use of IPDDS Score 0-9 1-7 3.13 | 1.053 | 33.64
Benefit obtained by
Obstacles faced in using
IPDDS Score 0-30 3-21 9.86 | 3.455 | 28.54
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Four professional characteristics of the sample users namely knowledge on plant disease
management, extent of use of IPDDS, obstacles faced in using IPDDS and benefit obtained
by using IPDDS were selected for the present study. Categories, number and percent
distribution of these four selected professional characteristics have been discussed in

following subsections:

4.3.3.1 Knowledge on plant disease management

The observed score of knowledge on plant disease management of the users ranged from 1 to
12 against the possible range of 0-12, the mean being 9.18 with the standard deviation of 1.705
and co-efficient of variation of 18.57%. The users were classified into three categories based
on their Knowledge on plant disease management. Distribution of the users according to their
Knowledge on plant disease management is shown in Table 4.17. Data presented in Table
4.17 indicated that majority (66.4%) of the users had medium knowledge, compared to 21.6
percent had high knowledge and 12.0 percent had low knowledge on plant disease
management. Findings again revealed that an overwhelming majority (82.0%) of the users
had medium to high knowledge on plant disease management. Co-efficient of variation
(18.57%) of knowledge on plant disease management of the users indicated that the users were

homogenous based on their knowledge on plant disease management.

Table 4.17 Distribution of the users according to their Knowledge on plant disease

Management
Categories Basis of categorization Users
Number Percent
Low knowledge <(Mean - 1SD) i.e. < 7.77 46 12.0
Medium knowledge (Mean £ 1SD) i.e. 7.77 — 10.80 255 66.4
High knowledge > (Mean + 1 SD) i.e. >10.80 83 21.6

Total 384 100.0

However, knowledge on plant disease management of the sample users were positively
associated (p = 0.34, significant at 0.01 level) with their perceived effectiveness of using
IPDDS. M. S. Ali (2008) also found a positive relationship between Knowledge on plant pest
and disease management and effectiveness of IPDDS. Findings led to the conclusion that

IPDDS has a role in increasing farmer’s knowledge.
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4.3.3.2 Use of IPDDS

Distribution of the users according to their extent of use of IPDDS is shown in Table 4.18.

Table 4.18 Distribution of the users according to their extent of use of IPDDS

Categories Basis of categorization Users

Number Percent

Low use <(Mean-1SD)i.e. <27 88 22.9
Medium use (Mean £ 1SD) i.e. 2.7 - 4.18 244 63.5
High use > (Mean +1SD) i.e. >4.18 52 13.5

Total 384 100.0

The observed score of extent of use of IPDDS of the users ranged from 1 to 7 against the
possible range of 0 - 9 with the mean of 3.13 with the standard deviation of 1.053 and co-
efficient of variation 33.64%. The users were classified into following three categories based
on their extent of use of IPDDS. Data presented in Table 4.18 indicated that nearly two-third
(63.5%) of the users had medium use, followed by 22.9 percent had low use and 13.5 percent
had high extent of use of IPDDS. Findings again revealed that overwhelming majority
(77.00%) of the users had medium to high use f IPDDS.

Co-efficient of Variation (33.64%) of extent of use of IPDDS of the users indicated that the
users were homogenous based on their extent of use of IPDDS. However, extent of use of
IPDDS of the sample users was positively associated (p = 0.205, significant at 0.01 level) with
their perceived effectiveness of IPDDS. Attempt had been taken to determine the item wise
use of IPDDS computing Use Index. The Ul ranged from 6 to 1028 were possible range was
unknown. Based on Ul, rank order of IPDDS was made as shown in Table 4.19. Data in Table
4.19 revealed that based Standardized Use Index (SUI) Krishoker Janala ranked first followed
by Plantix and Plant Doctor. No other IPDDS found to be used in Bangladesh. From the field
study of Karim et al. (2020) at Dakkhin Kharibari village in Tepa Kharibari union of Dimla
Upazila under Nilphamari district of Bangladesh, it was known that 83.5% of the women
farmers used Krishoker Janala for agricultural services. Their study found no other IPDDS to

be used by the women farmers in the study area.
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Table 4.19 Use of IPDDS with rank order

Extent of Use
sl. ~ Name of : Not at
IPDDS Regular Occasional Seldom alluse Ul sul Rank
No. use (3)  use (2) use (1) 0) order
1 Krishoker  2gp 87 8 7 1028 87.24 1
Janala
2 Plantix 26 40 14 304 172 1493 2
3 Plant 1 1 1 381 6 052 3
Doctor

4.3.3.3 Benefits obtained by using IPDDS

Benefits obtained by using IPDDS score of the respondents was found to range from 10 to 27
against the possible range of 0 to 27 with mean, standard deviation and co-efficient of
variation of 24.08, 2.40 and 9.95% respectively. On the basis of benefits obtained by using
IPDDS, the respondents were classified into three categories as obtaining low benefit, medium
benefit and high benefit from using IPDDS (Table 4.20).

Table 4.20 Distribution of the users according to Benefit obtained from using IPDDS

Categories Basis of categorization Users
(Mean and SD) Number Percent
Low Benefit <21.69 40 10.4
Medium Benefit >(21.69 — 26.48) 284 74.0
High Benefit >26.48 60 15.6
Total 384 100.0

Data presented in Table 4.20 indicated that the highest proportion (74 percent) of the
respondents belonged to the group obtaining medium benefits by using IPDDS, while 10.4
and 15.6 percent belonged to the group obtaining low and high benefits by using IPDDS
respectively. Thus, the majority (89.6 percent) of the farming respondents obtained medium
to high benefits by using IPDDS. However, benefit obtained by using IPDDS of the
respondents was positively related with their effectiveness of using IPDDS (p = 0.266,
significant at 0.01 level). Item-wise benefits of using IPDDS of the users are described in table

of section 5 of this chapter to compare among the benefit items.
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4.3.3.4 Obstacles faced in using IPDDS

The observed obstacles faced in using IPDDS score of the users ranged from 3 to 21 against
the possible ranged 0-30, the mean being 9.86 with the standard deviation of 3.46 and co-
efficient of variation of 28.54% (Table 4.16). Based on their obstacles faced in using IPDDS,
the users were classified into three categories. Distribution of the users according to obstacles
faced in using IPDDS is shown in Table 4.21. Data contained in the Table 4.21 revealed that
the highest proportion (74.00%) of the users had medium obstacle in using IPDDS compared
to 15.6% and 10.40% having high and low obstacle in using IPDDS respectively. Since,
84.4% users face medium to high obstacles in using IPDDS. It needs to be improved and made
more user friendly. Co-efficient of variation (28.54%) of obstacle faced in using IPDDS
indicated that the users were homogenous based on their obstacles faced in using IPDDS.
However, obstacles faced in using IPDDS had a negative relationship (p = -0.089, significant
at 0.05 level) with their perceived effectiveness of using IPDDS. M. S. Ali (2008) also found
problem faced in ecological agriculture had a negative relationship with adoption of ecological

agricultural practices of the users.

Table 4.21 Distribution of the users according to obstacles faced in using IPDDS

Categories Basis of categorization Users
Number Percent
Low obstacle <(Mean - 1SD) i.e. < 21.68 40 10.40
Medium obstacle (Mean £ 1SD) i.e. 21.68 — 26.48 284 74.00
High obstacle > (Mean + 1 SD) i.e. > 26.28 60 15.60
Total 384 100.00

It means that majority of the users were able to mitigate their obstacles faced in using IPDDS.
It is assumed that the users having more capacity to mitigate their problems might have more
capacity to determine their effectiveness of using IPDDS. Item-wise obstacles faced in using
IPDDS of the users are described in the section 5 of this chapter to compare among the

obstacle items.
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4.4 Contribution and Effect of the Selected Characteristics of the Users to/on Their
Perceived Effectiveness of IPDDS

The purpose of this section was to examine the contribution and effect of selected
characteristics of the users to/on their perceived effectiveness of the IPDDS. Effectiveness of
the IPDDS is a multivariate phenomenon involving interaction of many factors. Past studies
on effectiveness of the IPDDS have brought to light a good number of characteristics of an
individual that affect the perception behavior. For this purpose, fourteen (14) characteristics
of the users were selected as the independent variables. First subsection of this section deals
with the contribution of the selected characteristics of the respondents to their perceived
effectiveness of IPDDS. The second subsection deals with the direct and indirect effects of

the selected characteristics of the respondents to their perceived effectiveness of IPDDS.

4.4.1 Contribution of the selected characteristics of the users to their perceived
effectiveness of IPDDS

The effectiveness of IPDDS (Y) was the dependent variable of this study. The procedure
followed in measuring the dependent and independent variables has already been discussed in
Chapter 3. Research and null hypotheses have been stated for testing the contribution/effect
of the selected characteristics of the users to/on their perceived effectiveness of the IPDDS in
Chapter 3. Spearman rank correlation test was initially run to test the relationships between
each of the selected characteristics of the respondents and their perceived effectiveness of the
IPDDS. The result of the correlation matrix containing inter-correlation among the variables
is shown in Appendix VII. However, the results of correlation co-efficient of each of the
selected characteristics of the respondents with their perceived effectiveness of the IPDDS are
shown in Table 4.22. Correlation analysis showed that out of this fourteen (14) characteristics
of the users, nine had significant relationship with their perceived effectiveness of IPDDS.
Among the characteristics of the users, use of ICT (X3), time saved (X7), cost saved (Xg) and
visit saved (Xq), individual extension contact (X10), knowledge on plant disease management
(X11), use of IPDDS (X12) and benefits obtained using IPDDS (X13) had significant positive
relationship and obstacles faced in using IPDDS (X14) had significant negative relationship

with their perceived effectiveness of IPDDS. On the other hand, age (X1), education (X),
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farming experience (X4) and annual crop production income (Xs) crop farm size (Xs) of the

respondent had no significant relationship with their perceived effectiveness of IPDDS.

Table 4.22 Results of correlation co-efficient of each of the selected characteristics
of the respondent users with their perceived effects of using IPDDS

Value of Co-
Focus variable Sample farming respondents efficient of
characteristics correlation (p)
(Spearman’s rho)
Age (Xy) 0.029
Education (X,) -0.023
Use of ICT (X3) 0.134™
Farming experience (Xa) 0.029
Crop farm size (Xs) 0.064
Annual crop production income (X) 0.088
Effectiveness of 1 Ime saved (%7) 0'376:
the IPDDS (V) C(_)s_t saved (Xg) 0.192**
Visit saved (Xo) 0.153
Individual extension contact (X1o) 0.142™
Knowledge on plant disease management .
0.295
(X11)
Use of IPDDS (X12) 0.202™
Benefits obtained by using IPDDS (X13) 0.188™
Obstacles faced in using IPDDS (X14) -0.104"

*Significant at 0.05 Level and **Significant at 0.01 Level

Rashid and Islam (2016) reported that respondent’s education, participation in training
program, usages of e-Agriculture, attitude towards e-Agriculture and availability of e-
Agriculture significantly influenced the problems faced by farmers in the use of e-agriculture.
The study of Rashid and Islam (2016) and the current study had a reciprocal relationship
between them. Because they had studied the problems faced by farmers in the use of e-
agriculture and current research studied the effectiveness of IPDDS. The bridging point is that
problems faced by farmers in the use of e-agriculture negatively affect the effectiveness of
IPDDS.

The different characteristics of the respondents may interact together to make a combined
contribution to the effectiveness of IPDDS. Keeping this fact in mind, linear multiple

regression analysis was used to assess the contribution of the independent variables to the
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effectiveness of IPDDS. Full model multiple regression analyses were then run by involving

all the independent variables with the effectiveness of IPDDS.

It was observed that the full model regression results were misleading. It might be due to the

existence of multi-collinearity effect among the independent variables. It was evident from

correlation matrix showing the interrelationships among the independent variables and

existence of contradiction in the sign of correlation co-efficient and regression co- efficient.

Draper and Smith (1981) suggested running stepwise multiple regression analysis to insert

variables in turn until the regression equation is satisfactory. Therefore, in order to avoid the

misleading results due to the problem of multi-collinearity and to determine the best

explanatory variables, the method of step-wise multiple regression was employed by

involving the all the independent variables. The results are presented in Table 4.23.

Table 4.23 Summary of stepwise multiple regression analysis showing the contribution
of 14 independent variables to the effectiveness of IPDDS

Variables entered  Standardized Value of 't" Adjusted Increase in Variation
partial ‘b’ (with R2 R2 explained
coefficient probability in percent

level)

Time saved (X7) 0.417 984 0.233 0.233 23.3

! ' (0.000) ' ' '

Knowledge on plant 478

disease management 0.208 ' 0.297 0.064 6.4

(0.000)

(X11)

Benefits obtained by 4.86

using IPDDS (X1s) 0.208 (0.000) 0.329 0.032 3.2

Obstacles faced in -2.49

using IPDDS (Xea) -0.107 (0.013) 0.339 0.010 1.0

2.08
Use of ICT (X3) 0.088 (0.038) 0.345 0.006 0.6
Total 0.345 345

Multiple R = 0.594
R-square = 0.353
Adjusted R?=0.345

F-ratio = 41.264 at 0.000 level of significance
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The remaining variables i.e. age (X1), education (X2), annual crop production income (X5),
farming experience (X4), crop farm size (X6), individual extension contact (X10), cost saved
(X8), and visit saved (X9) were not entered as those variables were not significant in

correlation test.

Multiple R, R2 and adjusted R2 in the step-wise multiple regression analysis were 0.594,
0.353 and 0.345 respectively, and the corresponding F-ratio of 41.264 was significant at 0.000

level. The regression equation so obtained is presented below:

Y =2.433 + 0.417(X7) + 0.208(X11) + 0.208(X13) Adjusted R?=0.345
- 0.107(X14) + 0.088(X3) F-ratio=41.264
Constant = 2.433

The findings indicated that the whole model of five (5) variables explained 34.5 percent of the
total variation the effectiveness of IPDDS while the remaining percentage was attributed to
error term. But since the standardized regression coefficients (Beta weight) of four (5)
variables formed the equation and were significant, it might be assumed that whatever

contribution was there, it was due to these five (5) variables.

Analysis of data presented in Tables 4.23 and regression equations indicated that in different
combinations, standardized partial regression co-efficient of five independent variables were
significant out of fourteen (14) independent variables with the effectiveness of IPDDS. It was
observed that regression co-efficient between some of these five independent variables and
effectiveness of IPDDS as dependent variable had different probability levels (0.000 to 0.038)
in different model. It could logically happen due to the existence of interrelationship among
the different independent variables. Similar observations were experienced by different
researchers like Rashid and Islam (2016) and M. S. Ali (2008). Attempts had been taken to
run step-wise multiple regression by involving the significant variables after correlation test.
Same result was produced. Therefore, the result was treated as the final model which may

otherwise be considered as the best explanatory model.
86



Based on the stepwise regression analysis, contributions of significant five (5) independent
variables to the effectiveness of IPDDS as the dependent variable are presented below in order

of importance.

Time saved (X7): The co-efficient of correlation showed significant positive relationship
between the time saved (X7) by the users and the effectiveness of IPDDS (Appendix VII).
Step-wise multiple regression analysis indicated that the time saved (X7) by the users in
detecting plant disease had strong significant and positive contribution to their perceived
effectiveness of IPDDS. Time saved (X7) by the users in detecting plant disease was found to
be the most important positive contributor to the effectiveness of IPDDS. Time saved (X7) by
the users in detecting plant disease increases their positive perception on the effectiveness of
IPDDS. From the stepwise multiple regressions, it was concluded that time saved (X7) by the
users in detecting plant disease had first highest positive contribution to their perceived
effectiveness of IPDDS. This implies that with the increase of time saved (X7) by the users in

detecting plant disease will increase their positive perception on the effectiveness of IPDDS.

Knowledge on plant disease management (Xi1): Spearman rank correlation test showed
significant positive relationship between the knowledge on plant disease management (X11)
and the effectiveness of IPDDS (Appendix VII). Step-wise multiple regression analysis
indicated that knowledge on plant disease management (X11) had strong significant and
positive contribution to their perceived effectiveness of IPDDS. Knowledge on plant disease
management (X11) increases their positive perception on the effectiveness of IPDDS. From
the stepwise multiple regressions, it was concluded that knowledge on plant disease
management (X11) had positive contribution to their perceived effectiveness of IPDDS. This
implies that with the increase of knowledge on plant disease management (X11) will increase

their positive perception on the effectiveness of IPDDS.

Benefits obtained by using IPDDS (X13): Spearman rank correlation test showed significant
positive relationship between the benefits obtained by using IPDDS (Xi3) and the
effectiveness of IPDDS (Appendix VII). Step-wise multiple regression analysis indicated that

benefits obtained by using IPDDS (Xi3) had strong significant and positive contribution to
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their perceived effectiveness of IPDDS. Benefits obtained by using IPDDS (Xi3) increases
their positive perception on the effectiveness of IPDDS. From the stepwise multiple
regressions, it was concluded that benefits obtained by using IPDDS (Xi3) had positive
contribution to their perceived effectiveness of IPDDS. This implies that with the increase of
benefits obtained by using IPDDS (Xi3) will increase their positive perception on the
effectiveness of IPDDS.

Obstacles faced in using IPDDS (X14): Pearson product moment correlation co-efficient
revealed that obstacles faced in using IPDDS (X14) had significant but negative correlation

with their perceived effectiveness of IPDDS (Appendix VII).

Step-wise multiple regression analysis indicated that obstacles faced in using IPDDS (X14)
was an important contributor and had significant but negative contribution to their perceived
effectiveness of IPDDS.

It is quite logical that the users who faced more obstacles in using IPDDS (X14) were not
satisfied on the effectiveness of IPDDS. This might be the reason for obstacles faced in using

IPDDS (X14) having the negative contribution to their perceived effectiveness of IPDDS.

Use of ICT (X3): Spearman rank correlation test showed a significant positive relationship
between the use of ICT (X3) and the effectiveness of IPDDS (Appendix VII). Step-wise
multiple regression analysis indicated that the use of ICT (X3) had a strong significant and
positive contribution to their perceived effectiveness of IPDDS. The use of ICT (X3) increases
their positive perception of the effectiveness of IPDDS. From the stepwise multiple
regressions, it was concluded that the use of ICT (X3) had a positive contribution to the
perceived effectiveness of IPDDS. This implies that the increase of use of ICT (X3) will

increase their positive perception of the effectiveness of IPDDS.
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4.4.2 Direct and indirect effects of the selected characteristics of the users on their
perceived effectiveness of using IPDDS

In the present study Spearman’s rank correlation test, full model linear multiple regression
and stepwise multiple regression were conducted. It is not possible to find out the direct effects
and indirect effects separately by these tests. But path analysis, can make it possible to get
direct effects and indirect effects separately. According to Dewey and Lu (1959) Path
coefficient is simply a standardized partial regression coefficient and as such measures the
direct influence of one variable upon another and permits the separation of the correlation
coefficient into components of direct and indirect effects (Dewey and Lu, 1959, p. 5015-518).
This allows the reflection of direct effect of an independent variable and its indirect effect

through other variables on the dependent variable as used by Walle et al. (2018).

Direct effect of an independent variable on the dependent variable is the standardized beta co-
efficient (value of ‘b’ of regression analysis) of the respective independent variable. Whereas
indirect effect of an independent variable through a channeled variable is measured by the

following formula:

e=bxp

Where,

e = Indirect effect of an independent variable

b = Direct effect of the variable through which indirect effect is channeled

p = Spearman correlation co-efficient between respective independent variable and variable

through which indirect effect is channeled.

Path coefficient analysis was employed in order to obtain a clear understanding of the direct
and indirect effects of selected independent variables. Path analysis was done involving the
significant variables of step-wise multiple regression analysis. Path coefficients showing the
direct and indirect effects of significant 5 independent variables of step-wise multiple
regression analysis on the users’ perception on the effectiveness of IPDDS have been

presented in Table 4.24.

89



Table 4.24 Path coefficients showing the direct and indirect effects of five (5) significant
independent variables of stepwise multiple regression analysis on the
effectiveness of IPDDS

T £ = o
t 2|E__% :
© = "© S To 'S b
H O O = t ~ 3 (] & [<B)
Independent Variables through | 25| 9828 8 8 |
. which indirecteffects | 9§ > | o 2 2 3| & D =
variables NS5 | OE38sc| s = D
are channeled Lo | o825 c| @ o b
E =5 oYL S cac|l B c 1<)
T8 |g5836/ 2 | |8
c. © < © 20T 'g o 5 =
hL26|>6B8Ec| £ F | O
Time saved | Knowledge on plant
(X7) disease management 0.208 0.176 0.037
(X11)
Benefits obtained by
: : . 0.026 | 0. :
using IPDDS (X13) 0.208 0.124 0.06 | 0.417
Obstacles faced in
using IPDDS (X1a) -0.107 0.025 -0.003
Use of ICT (X3) 0.088 0.037 0.003
Knowledge | Time saved (X7) 0.417 0.176 0.073
on plant Benefits obtained by
: : . . .007
disease using IPDDS (X13) 0.208 0.035 0.00 211 | 0ne
management | QOpstacles faced in 0.107 0.158 oo17 | '
(X11) using IPDDS (X14) - " |
Use of ICT (X3) 0.088 0.186 0.016
Benefits Time saved (X7) 0.417 0.124 0.052
obtained by | Knowledge on plant
using IPDDS | disease management 0.208 0.035 0.007
(X13) (X11) 0.03 | 0.208
Obstacles faced in
: -0. : -0.032
using IPDDS (X14) 0.107 0.299
Use of ICT (X3) 0.088 -0.006 -0.001
Obstacles Time saved (X7) 0.417 0.025 0.010
faced in Knowledge on plant
using IPDDS | disease management 0.208 -0.158 -0.033
14 1 0.03 | -0.107
(X14) (X11)
Benefits obtained by
: . . 062
using IPDDS (X13) 0.208 0.299 0.06
Use of ICT use (Xs) 0.088 -0.083 -0.007
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Table 4.24 Path coefficients showing the direct and indirect effects (Contd.)

Use of ICT Time saved (X7) 0.417 0.037 0.015
(X3) Knowledge on plant
disease management 0.208 0.186 0.039
(B)élnlgfits obtained by 0.06 ) 0.088
using IPDDS (X15) 0.208 0.006 0.001
Obstacles faced in -0.107 -0.083 0.009

using IPDDS (X14)

Analysis of data furnished in Table 4.23 indicated that among the independent variables, time
saved (X7) by the user had the highest direct effect (0.417) in the positive direction effect on
their perception on the effectiveness of using IPDDS. Knowledge on plant disease
management (X7), benefits of using IPDDS (Xi3), and use of ICT (X3) had appreciable
positive direct effect in the positive direction on users’ perception on the effectiveness of using
IPDDS and their direct effect were 0.208, 0.208 and 0.088 respectively. Use of ICT (X3) of
the users had the lowest direct positive effect (0.088) to their perception on the effectiveness
of using IPDDS. Obstacles faced in using IPDDS (X14) had direct negative effect (-0.107) on
users' perception on the effectiveness of using IPDDS.

Here, it may be mentioned that without path co-efficient analysis it is not possible to know
the indirect effects of an independent variable through other variables on the dependent
variable. Therefore, this study felt need to calculate the indirect effects which have been

obtained from path co-efficient analysis (Table 4.24).

Results of path analysis, the direct and indirect effects and their directions are shown in the

diagram in Figure 4.5.
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Fig. 4.5 Diagram showing the direct and indirect effect of variables on the effectiveness
of IPDDS

On the basis of path analysis, the independent variables having indirect effects on the

effectiveness of using IPDDS have been presented below in descending order.
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Knowledge on plant disease management (Xi1): Path analysis (Table 4.24) showed that
knowledge on plant disease management (X11) of the sample users had the highest total
indirect effect (0.11) and a positive direct effect of 0.208 on their perceived effectiveness of
IPDDS. The indirect effect was mostly channeled positively through time saved (X7) by the
user. The indirect effect of knowledge on plant disease management (X;;) was somewhat
positively channeled through the benefits of using IPDDS (Xi3), use of ICT (X3) and the
obstacles faced in using IPDDS (X14). It may be inferred that other variables remaining
constant, knowledge on plant disease management (X11) had an influence on the effectiveness

of using IPDDS and was a determinant of the effectiveness of using IPDDS.

Time saved (X7): Path analysis (Table 4.24) showed that time saved (X7) of the sample users
had the 2" highest total indirect effect (0.060) and a positive direct effect of 0.417 on their
perceived effectiveness of IPDDS. The indirect effect was mostly channeled positively
through knowledge on plant disease management (X11). The indirect effect of time saved (Xv)
was somewhat positively channeled through the benefits of using IPDDS (Xi3) and the use of
ICT (X3). The indirect effect of time saved (X7) was somewhat negatively channeled through
the obstacles faced in using IPDDS (X14). It may be inferred that other variables remaining
constant, time saved (X7) of the sample users had an influence on the effectiveness of using

IPDDS and was a determinant of the effectiveness of using IPDDS.

Use of ICT (X3): Path analysis (Table 4.24) showed that use of ICT (X3) of the sample users
also had the 2" highest total indirect effect (0.060) and a positive direct effect of 0.088 on
their perceived effectiveness of IPDDS. The indirect effect was mostly channeled positively
through knowledge on plant disease management (X11). The indirect effect of use of ICT (X3)
was somewhat positively channeled through the benefits of using IPDDS (X14), obstacles
faced in using IPDDS (X13) and use of ICT (X3). It may be inferred that other variables
remaining constant, the use of ICT (X3) of the sample users had an influence on the

effectiveness of using IPDDS and was a determinant of the effectiveness of using IPDDS.
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Benefits of using IPDDS (Xu4): Path analysis (Table 4.24) showed that benefits of using
IPDDS (X14) of the sample users had the 3" highest total indirect effect (0.030) and a positive
direct effect of 0.208 on their perceived effectiveness of IPDDS. The indirect effect was
mostly channeled positively through time saved (X7). The indirect effect of benefits obtained
by using IPDDS (Xi13) was somewhat positively channeled through knowledge on plant
disease management (X11). The indirect effect of benefits of using IPDDS (Xi3) of the sample
users was somewhat negatively channeled through obstacles faced in using IPDDS (X14) and
the use of ICT (X3). There was negligible indirect effect of the benefits of using IPDDS (X13)
of the sample users of the sample users on their perceived effectiveness of using IPDDS. It
may be inferred that other variables remaining constant, Benefits of using IPDDS (Xi3) of the
sample users had an influence on the effectiveness of using IPDDS and was a determinant of

the effectiveness of using IPDDS.

Obstacles faced in using IPDDS (X14): Path analysis (Table 4.24) showed that the obstacles
faced in using IPDDS (X14) Of the sample users had the 3 highest total indirect effect (0.030)
and a negative direct effect of -0.107 on their perceived effectiveness of IPDDS. The indirect
effect was mostly channeled positively through the benefits of using IPDDS (Xi3). The
indirect effect of obstacles faced in using IPDDS (X14) Was somewhat positively channeled
through time saved (X7) and negatively channeled through knowledge on plant disease
management (X11) and use of ICT (Xs3). There was very negligible indirect effect of obstacles
faced in using IPDDS (X14) of the sample users on their perceived effectiveness of using
IPDDS. It may be inferred that other variables remaining constant, obstacles faced in using
IPDDS (X14) of the sample users had an influence on the effectiveness of using IPDDS and

was a determinant of the effectiveness of using IPDDS.

4.5 Comparative Benefits Obtained and Obstacles Faced in Using IPDDS

4.5.1 Benefits obtained by using IPDDS

To compare the item wise benefits obtained by using IPDDS, Benefit Index (BI) and Standard
Benefit Index (SBI) were computed as described in Chapter 3 of this dissertation. The

observed SBI of the items of benefits obtained by using IPDDS ranged from 59.72 to 98.87
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against the possible range of 0-100. The observed Bl of the items ranged from 688 to 1139
against the possible range of 0-1152. Bl and SBI of each items with rank order of SBI is
presented in Table 4.25.

Table 4.25 Standard Benefit Index (SBI) of using IPDDS of each items with rank order

Extent of Benefit and users

= =

S S e S

Sl . c M c m

Items of Benefits & ~ — — ~ Bl

no. 0E g8 a8 IS SBI Rank
S = 2 = order

T 3 - 2

> Z

1  Reduce time for 373 9 2 0 1139  98.87 1
detecting disease

Reduce disease

2 : 344 37 3 0 1109  96.27 5
detecting cost

3  Increase 233 143 8 0 993 86.20 7
production

4 Increaseservice 5o, 5, g 0 1116  96.88 2
accessibility

g  Increase service 350 31 3 0 1115  96.79 4
quality

6 Eseeduce pesticide g5 150 130 18 688  50.72 9

7 Increase net 165 199 20 0 913 79.25 8
Income
Increase

8  respondents’ 349 33 2 0 1115 96.79 4
knowledge

g [Increasequalityol  ,e; g9 7 g 1048 9097 6
produces

Data in Table 4.25 revealed that according to descending order of Standard Benefit Index
(SBI), ‘reduce time for detecting disease’ ranked first followed by ‘increase service
accessibility’, ‘increase service quality’, ‘increase respondents’ knowledge’, ‘reduce disease
detecting cost’, ‘increase quality of produces’, ‘increase production’, ‘increase net income’

and ‘reduce pesticide use’. Benefit items are discussed below in ascending order.
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Reduce time for detecting disease ranked first (BI=1139) based on the descending order of Bl
of the items. For user or any other user time needed for getting services is a very important
item. Rupavatharam and Kennepohl (2018) reported that ‘Plantix’ provided services to the
user with in few second. The findings of their study support the findings of the current study.
Based on the descending order of Standard Benefit Index (SBI), ‘reduce time for detecting
disease’ ranked first followed by ‘increase service accessibility’ etc. This might be due to the
fact that farmers and other users are very conscious about the time needed for getting a service.
Since users are getting the service real-time on the spot by using IPDDS, they are considering
time reduction as the most important item of benefit obtained by using IPDDS. Among the
benefit items ‘increase service accessibility’ ranked second. It was observed in case study and
user’s response that users are getting service as and when necessary. They manage to keep
themselves ready for solving plant disease related problems. Whenever a disease appear they
just open the application and have the solution. Previously, they had to spent huge time for
visiting agricultural office or extension service provider. Other items of benefits found to be
very relevant to the farmer’s actual needs in the preproduction, production and post production
period. Items like ‘increase service quality’, ‘reduce disease detecting cost’, ‘increase quality
of produces’, ‘increase production’, and ‘increase net income’ are directly related to the
financial benefits. ‘Increase respondents’ knowledge’, and ‘reduce pesticide use’ are
seriously important items for environment and public health issue. By using IPDDS a user can
directly reduce the use of pesticides and the increased knowledge of the user can make user
conscious about public health and environment. Distribution of the users according to benefit

obtained from using IPDDS is presented in Table 4.20 of this chapter.

4.5.2 Obstacles faced by the farmer in using IPDDS
To compare the item-wise obstacles faced by farmers in using IPDDS, Obstacle Index (OI)
and Standard Obstacle Index (SOI) was computed for each item by using the formula

discussed chapter 3.

The observed Ol of the items ranged from 31 to 841 against the possible range of 0-1152 and
SOl of the items ranged from 2.69 to 73.00 against the possible range of 0-100. Ol, SOI, and

rank order of each item are presented in Table 4.26.
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Table 4.26 Standardized Obstacle Index (SOI) of using IPDDS of each item with rank

order
The extent of obstacle faced user farmer
o Rank order
3] 2 o
Sl Items of S %% & E _ o c <
no. obstacle S5 gg&\ éq ES g 5 o) ;.g = o
e~ 827 o7 °T F ? £5 ofF
s 2° & 2 EE 5%
) — < T £
@ <
A. Socio-economic problems
1 [Illiteracy 150 162 67 5 384 841 7300 1 1
Unavailability - g3 g5 179 3 608 5278 2
of smart phone
B. Technical problems
Lack of
3 sufficient 17 44 92 230 384 231 2005 3 6
internet speed
Need technical
4 knowledge to 5 14 75 290 384 118 1024 4 8
use IPDDS
Inadequate
extension
5 serviceto 4 80 124 176 384 296 2569 2 5
support the use
of IPDDS
The inability of
6 (e 61 260 54 9 384 757 6571 1 2
etection at an
early stage
Presence of
7 gT“'“p'e. 8 70 304 384 92 799 5 9
iseases in the
same plant
Presence of the
8 background of 4 2 15 363 384 31 2.69 6 10
the image
C. Psychological problems
Apathy to use
9 IPDDS 1 18 98 267 384 137 1189 2 7
10 ICT phobia 38 141 189 16 384 585 5078 1 4
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Thus the range of SOI of the items could be 0-100, where ‘0’ indicated no SOI and ‘100’
indicated the highest SOI. Based on the descending order of SOI rank order of the item (among
the dimension and all the items) were made to understand the importance of the items.

Data in Table 4.26 revealed that according to descending order of Standardized Obstacle Index
(SOI) ‘illiteracy’, ranked first among the items of obstacles followed by ‘inability of disease
detection at an early stage’, ‘unavailability of the smart phone’, ‘ICT phobia’, ‘inadequate
extension service to support the use of IPDDS’, ‘lack of sufficient internet speed’, apathy to
use IPDDS’, ‘need technical knowledge to use IPDDS’, ‘presence of multiple diseases in same
plant” and ‘presence of background of the image’. Obstacle items are discussed below in
ascending order. The significance of the findings presented in table 3.1 is that it indicates the
important socio-economic, technical, and psychological obstacles faced by the farmer in using
IPDDS which are important in planning, policy formulation, and framing strategy for ICT
intervention for providing agricultural advisory services to the farmer. The rank order of the
item indicates the importance of the obstacles faced by the farmer in using IPDDS. Thar et al.
(2021) in their study explored the agricultural mobile apps available in Myanmar, analyzed
factors affecting their use and assessed the potential for farm-based decision support and
reported lack of access to smartphone and/or internet (63%) and lack of digital knowledge
(20%) as the main constraints to adopt agricultural apps. Rashid and Islam (2016) studied the
problems faced by farmer in using e-agriculture and reported that among the problems, lack
of farmer’s knowledge on e-agriculture ranked first followed by inadequate government
digital service centers and facilities, lower internet speed, quality of information, inadequate
ICT experts, lack of awareness towards benefits of ICT in agriculture, user-friendliness of the
technology, expensive to use, apathy towards new technology, lack of training, inadequate
number of e-agriculture related programs in electronic media, miserable electricity
connections and lack of relevant customized content respectively. Rashid and Islam (2016)
studied e-agriculture as a whole but the current study was on the IPDDS an important part of
e-agriculture. Common obstacles found from both studies are: ‘inadequate extension service
to support the use’, ‘lack of sufficient internet speed’, apathy to use’, and ‘need technical

knowledge to use’.
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Khalak et al. (2018) reported poor level of education, lack of knowledge on the availability of
ICT facilities, lack of operational knowledge of computer, social and religious restriction,
limited number of ICT center, high cost of internet service, lack of personal interest, low
bandwidth speed of internet, lack of ICT software, electricity problem, lack of training
facilities as problems faced by them farmers in receiving agricultural information from ICT
based media. Hassan et al. (2008) studied the use of Information and Communication
Technology (ICT) among Agro-based entrepreneurs in Malaysia and revealed that farmers do
not know the benefits of using ICT, have no skill in using ICT, lack of time to use ICT,
difficulty in using ICT, and have no knowledge in using ICT are the five most problems and
obstacles faced by farmers in using ICT.

Despite the good accuracy of the model used in IPDDS, desired effectiveness may not be
found due to the obstacles. For improving the effectiveness of IPDDS at the field level among
the user, these issues are to be taken into consideration by a policymaker, planner, system

designer, and developer.

4.6 Suggestions of the Users for Improving IPDDS and Development of an Improved
Model for IPDDS

4.6.1 Suggestions of the Users for Improving IPDDS

Attempts were taken to seek suggestions from the respondents against each obstacle to
mitigate them. To improve IPDDS, users provided overall suggestions and they also provided
suggestions against each item of obstacle to mitigate them. Suggestions against each item of
the obstacle faced by the farmer in using IPDDS presented in Table 4.27. The word cloud of
suggestions is also presented in Figure 4.6. Some of the suggestions were found to come
frequently from several respondents. Suggestions were recorded and processed in word clouds
using word mapping online software (Zygomatic, 2021). Textual analysis only showed the
count of tag words or key words. The counts or frequency of unique key words were matched
with the suggestions provided by the farmers and thus the frequency of a specific suggestion
were determined. The respondent demanded the key words as suggestions to be incorporated
in the IPDDS.
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Table 4.27 Obstacles and user-provided suggestions to mitigate the obstacles

SI.
no.

Items of obstacle

Suggestions

A. Socio-economic obstacles

1

Iliteracy

Unavailability of
smart phone

B. Technical obstacles

Lack of sufficient

Voice interactive system (124), intelligent system (112),
simplifying advice (14), easy language (13), no password,
pictorial interface, adding video footage, calling option
Connecting respondents with Union Digital Centers (UDC)
and Agriculture Information and Communication Center
(14), ensuring shared access, helpline (3)

Off-line system (145), comparison system (70),

3 internet speed
Need technical Farr_ners training (146), campa1gn1ng(29), demonstration,
calling option, brand name with a group name (2), per
4 knowledge to use decimal anplicati ) loadi i
IPDDS ecimal application rate, image uploading option(31),
feedback system(13)
Inadequate extension  Farmers’ training (46), campaigning (29), involving Sub-
5 service to support the  Assistant Agriculture Officer (SAAQ) (3), demonstration
use of IPDDS
, . Covering all stages of disease (220), intelligent system
6 Can’t detect disease (11), comparison system (10), more accuracy, clear image,
at an early stage ) ) :
image uploading option (31)
Presence of multiple  comparison system(110), image uploading option(61)
7  diseases in the same
plant
Presence of the Intelligent system (111), comparison system (80), image
8  background of the uploading option (31)

image

C. Psychological obstacles

Farmer’s training (125), campaigning (99), awareness

9 Apathytouse IPDDS ) iiiing (45), motivation (16)
Farmer’s training (115), campaigning (29), awareness
10 ICT phobia building (5)

Numerical figures in the parentheses indicate the frequency of the suggestions of the users
of IPDDS.

In the word cloud, the word having bigger size indicates greater frequency and importance of
the suggestion. Zhang et al. (2016) used word cloud for textual analysis of the response of the

respondent in studying way of measuring IT effectiveness.
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Fig. 4.6 Word cloud of suggestions showing the comparative importance of the
suggestions provided by the users to improve IPDDS

Data in Table 4.27 and Figure 4.6 revealed that important and frequently suggested

suggestions were covering all stages of disease, off-line system, farmers’ training, voice

interactive system, intelligent system, comparison system and image uploading option etc.

4.6.2 Development of an improved model for IPDDS as per suggestions of the users
Based on the findings of the study an improved model was proposed. Obstacles faced by the
user farmers for detecting plant diseases, their suggestions to mitigate the obstacles, and
insight of the researcher were taken into considerations. This is a functional model. This model
focus on policy implication rather than an architectural model. It provides a functional way of
developing multipurpose IPDDS that can be developed and improved gradually at low cost
with low resources. The researcher emphasized the system-user interaction and user-
friendliness. model is presented in Figure 4.7.

4.6.2.1 Development of the system

A user-friendly Automated Image-based Plant Disease Detection System (AIPDDS) can be
developed through the integration of a well-trained efficient neural network-based model or
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other state-of-the-art techniques with android or other platforms. Sufficient image data should
be used to train the model for reasonable accuracy of the system. Available plant image

datasets can be used or images can be collected from the field.

4.6.2.2 Database enrichment and updating the system

When the system found a new disease that is not included in the database of AIPDDS, it will
be a new learning for the system. The disease will be included as a new class through
supervised learning. The database can be enriched by the target user (field level extension
service provider and/ or advanced level farmer). When the new class attains a reasonable
accuracy through database enrichment and training of the model, AIPDDS will be updated as

shown in figure 4.1. Users will be able to get the updated service on updating the application.

4.6.2.3 Major features of the model

Usability in both online and offline mode: This model proposed both offline and online
service delivery options. According to the model, the proposed IPDDS will be consist of two
major databases: image database and advisory database. A part of the image database should
be accessible in off-line mode for the users - crop-wise and disease-wise so that users can use
it to compare their plant’s disease to identify visually and get advice from the advisory
database. If users fail to identify the disease, then they will be connected to the internet. After
submission of the image to the server of AIPDDS, they will get an advisory on the detection
of the disease. The system will receive the image with GPRS data so that the data can be used
for another purpose in the future.

Wide accessibility: This study proposed framework to be voice command interactive so that
users can operate it through vice command and advice also be found in a voice as well as text.
Intelligent system: The system should be as much intelligent that can identify disease at an
early stage of disease commencement. ldentification of disease at an early stage of disease
commencement is crucial for reducing farmers’ yield loss. Most of the systems available for
plant disease detection are not capable of detecting disease at an early stage of disease
commencement. To ensure this, a single disease can be classified into several classes. So that

it covers all important stages of disease development.
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Interactive interface: Techniques available for developing IPDDSs are not at such an
intelligent level yet that can provide 100% accurate advice as farmers needed, therefore the
system must have an interactive interface to share current field problems and expert opinions

in real-time.

4.6.2.4 Scope of using the model

There are several scopes of using the framework in different purposes like-

Plant disease detection: The primary objective of the proposed model for IPDDS is to detect
plant disease to protect crops from yield loss.

Field crop monitoring: As the image data will be collected with General Packet Radio
Service (GPRS) data, the geographical distribution of disease incidence can be observed
through managing the data in a dashboard.

Disease forecasting: Aligning the GPRS data, the geographical distribution of disease
incidence, and weather data disease prediction can be modeled. This model can be used in
disease forecasting to make farmers aware of the disease well ahead of disease
commencement.

Localized use of resources: This model gives a guideline to develop local IPDDS using local
resources. Own data set can be created so that more accuracy can be found by using even local

small datasets with variation.

Although there are a good number of IPDDS working well, farmers faced several obstacles in
IPDDS. The rank order of the obstacle item indicates that for improving the effectiveness of
IPDDS at field level among the user, issues to be taken into consideration are- illiteracy among
the farmer, inability of disease detection at an early stage, unavailability of smartphone, ICT
phobia, inadequate extension service to support the use of IPDDS, lack of sufficient internet
speed, apathy to use IPDDS, need technical knowledge to use IPDDS, presence of multiple
diseases in same plant and presence of background of the image. The obstacles are not
addressable by a single means. Some of them are to be addressed at the development stage,
some at the planning stage, and some of them are to be addressed at the policy level through
implementing programs for increasing farmer’s capacity and infrastructure facilities. The
proposed functional model is desired to help in improving IPDDS overcoming the relevant
obstacles.
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CHAPTER 5
SUMMARY, CONCLUSION AND RECOMMENDATIONS

5.1 Summary

5.1.1 Introduction

The use of Information and Communications Technology (ICT) and the understanding of its
potentials to transform farming from labor—intensive to smart automated farming are
increasing significantly among the farming community. Plantix — an Image-based Plant
Disease Detection System (IPDDS) has been installed more than 15 million as of 9 November
2021 (GmbH, 2021). IPDDS is a system where images are used to detect plant diseases.
Several smartphone applications are available and are being used by farmers, gardeners, and
agricultural advisory service providers. A farmer or user can use an image library to identify
plant disease or upload images to identify plant disease using these applications.

Agriculture has graduated from agriculture 1.0 to agriculture 4.0 resembling industry 4.0 and
smart farming is the reality of agriculture 4.0. These gradual developments in the field of
agriculture and the reality of agriculture 4.0 and onward or smart agriculture indicate the
gravity of the intervention of ICT in the agricultural sector. One of the major concerns of
industry 4.0 and hereby agriculture 4.0 is that the use of the automated system will be
increased and human labor involvements will be reduced. In these circumstances, the need for
machine learning or artificial neural network, or artificial intelligence-based IPDDS will just

widen the space for agriculture 4.0 and onward.

FAO has considered ‘Agricultural productivity and innovation’ and ‘Transboundary pests and
diseases’ as two major drivers of change in agriculture in 21 century. Bangladesh has recently
graduated from Least Developed Country (LDC) to developing country through the
acceptance of the proposal in the United Nations (UN) general assembly in 2021. Still, the
country has to fight against several constrains. Constrains of inadequate supply of pesticides
are associated with infestation of pests and diseases etc. Although Bangladesh has got very

grass root level agricultural extension services, the farmer often suffered from a lack of
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information and advice during the infestation. Strengthening MIS and ICT-based knowledge
management systems and e-agriculture has been taken as a strategy for developing the
agriculture sector of Bangladesh in the Bangladesh Eighth Five Year Plan (July 2020-June
2025). Bangladesh has also taken an action plan for increasing women and youth participation
in agriculture. Making those plan successful, the use of ICT-based knowledge management

systems like IPDDS is a must.

Considering the general background, global and Bangladesh perspectives it can be said that
the use of knowledge-based technology like IPDDS is irresistible. Now the question is how it
can be made more feasible in terms of effectiveness. This study believes that the findings of
the study will show a path for the policymakers, IT industry, and agriculture extension

personnel to solve the question.

Objectives of the Study
To shape the research in a manageable and meaningful way, the following objectives are
specified:
%+ To determine the purpose of using IPDDS and to describe the Profession, Gender, and
Geographical regions of the IPDDS users
%+ To determine the effectiveness of IPDDS as perceived by the users
% To determine the characteristics of the IPDDS users
%+ To explore the contribution and effects of the selected characteristics of the users to/on
their perceived effectiveness of the IPDDS
%+ To compare the benefits obtained by using IPDDS and obstacles faced in using IPDDS
% To develop a functional model for improving IPDDS as per the suggestions of the

users

5.1.2 Materials and Methods

IPDDS is used throughout Bangladesh. A list of 8911 registered users was collected from the
Department of Agricultural Extension (DAE), which constituted the study population. The
sample size was determined using a sample size calculator developed by Creative Research

Systems as 384 with 95% confidence level and 5 as a confidence interval. A case study was
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conducted titled ‘Image-based plant disease detection system- an experience of Bangladesh’
to find the effectiveness of Krishoker Janala as perceived by the user and to get about the
items to be used in the research. After case study and consultation of literature and related
experts, 14 Independent (Causal) variables and one dependent variable. The 14 selected
characteristics of the users were considered as independent variables of the study and these
were (a) personal characteristics - age, education, farming experience, use of ICT; (b) socio-
economic and characteristics — crop farm size, annual crop production income, time saved,
cost saved, visit saved and individual extension contact and (c) professional characteristics -
knowledge on plant disease management, use of IPDDS, obstacles faced in using IPDDS and
benefits obtained by using IPDDS. Effectiveness IPDDS constituted the dependent variable
of the study. Required items were collected, analyzed and necessary scale were developed and
finally, an interview schedule was prepared. Validity and reliability of scales and interview
schedule were tested. Data were collected from the respondents by telephone interviewing
during the period from May 01, 2021 to September 30, 2021 by the researcher himself using
the interview schedule for the study. IBM SPSS Statistics 20 was used for data analysis.
Descriptive statistical measures including number and percentage distribution, range, mean,
standard deviation and co-efficient of variance were used for describing both the independent
and dependent variables. Rank order was made whenever necessary. Tables were also used in

presenting data for clarity of understanding.

Initially, Spearman’s rank correlation was run to determine the relationship of the selected
characteristics of the users with their perceived effectiveness of IPDDS. Full model regression
analysis was also done. Due to misleading results from multi-collinearity, stepwise multiple
regression was used by involving significant independent variables after the correlation test
to find out the contribution of the independent variables to the dependent variable. Finally,
path analysis was done to find out the indirect effects of the independent variables separately
on the dependent variable. A five percent (0.05) level of probability was used as the basis for
rejection of any null hypothesis throughout the study. Co-efficient values significant at 0.05
level are indicated by one asterisk (*), and that at 0.01 level by two asterisks (**) and at 0.001
level or above by three asterisks (***). For determining comparative effectiveness of the

items, rank orders were made based on the descending order of the Standardized Effectiveness
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Index (SEI), Standardized Use Index (SUI), Standardized Benefit Index (SBI) and
Standardized Obstacle Faced Index (SOFI) for comparing effectiveness, use, benefits and
obstacles of IPDDS respectively. Suggestions from the respondent to mitigate the obstacles
were sought against each items of obstacles and analyzed using word mapping online software

(Zygomatic, 2021) and a model for improving IPDDS was developed.

5.1.3 Results and Discussion

5.1.3.1 Purpose of using IPDDS, Profession, Gender, and Geographical regions of the
users

Purpose of using IPDDS: IPDDS is mostly used for detecting plant diseases. But the users’
specific purposes were varied as own farming, farm supporting, service purpose, business
purpose, rooftop gardening, service and farming, business and farming, and study purpose.
Findings showed that according to the purpose of use, a user of IPDDS in percent own farming
(44) ranked first followed by farm supporting (34), service and farming (6.8), business and
farming (4.4), service purpose (3.6), rooftop gardening (3.2), study (2.0) and business purpose
(2.0). The findings indicate that IPDDS is mostly used in own farming.

Profession of the users: IPDDS is used for various purposes. Beside farmer, govt. service
holder, private service holder, businessman and student were found to use IPDDS. According
to the profession of user of IPDDS in percent Farmer (36) ranked first followed by private
service holder (18.8), businessman (17.2), student (16), and Govt. service holder (12). This is

an indication of being IPDDS used by a wide range of professionals.

Gender of user: An overwhelming majority (97.92) of the users are male and only 2.08%

user are female.

Geographical regions of user: According to distribution of user in percent Dhaka region
ranked first (15.2) followed by Rangpur (13.6), Dinajpur (13.2) Rajshahi (10.0), Bogra (8.8),
Jashore (8.4), Mymensingh (6), Cumilla (5.2), Khulna (4.8), Sylhet (3.2), Chattogram (2.8),
Barisa (2.8), Faridpur (2.4) and Rangamati (1.6).

5.1.3.2 Effectiveness of IPDDS
Effectiveness of IPDDS was the main focus of the study. The observed effectiveness of using
IPDDS score of the user respondents ranged from 14 to 65 against the possible range of 0-66.
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The mean score was 38.84 with the standard deviation of 9.221 and Co-efficient variance of
22.32%. Most of the users (77.90%) were in a perception that IPDDS is moderately effective
while 19.50% user are in a perception that IPDDS is highly effective and 2.60% were in a
perception that IPDDS was less effective in getting plant disease-related services.

Dimension wise comparison of the effectiveness of IPDDS: Based on ASEI ‘User
satisfaction’ ranked first followed by ‘system accuracy’, ‘user friendliness’, ‘content quality’,

‘device responsiveness’ and ‘offline usability’

Item wise comparison of the effectiveness of IPDDS: Findings revealed that according to
descending order of Effectiveness Index (EI), ‘on-time service’ ranked first followed by ‘time
needed for getting service’, ‘service cost’, ‘delivery of the service’, ‘ease of the system’,
‘proper identification of plant disease’, ‘smoothly working system’, ‘negligible error in the
system’, ‘usefulness of content’, ‘easy to use’, ‘lower device hanging tendency’, ‘comfort to
use’, ‘lower size of the software’, ‘off-line running’, ‘easy to remember how to use’, ‘off-line
sharing’ ‘off-line installation’, ‘validity of content’, ‘running in any smart device’ platform

operability’, ‘updated content’ and ‘requirement of lower processor’.

Benefits obtained by the users by using IPDDS: Findings revealed that according to
descending order of Standard Benefit Index (SBI), ‘Reduce time for detecting disease’ ranked
first followed by ‘Increase service accessibility’, ‘Increase service quality’, ‘Increase
respondents’ knowledge’, ‘Reduce disease detecting cost’, ‘Increase quality of produces’,
‘Increase production’, ‘Increase net income’ and ‘Reduce pesticide use’. Benefit items are

discussed below in ascending order.

Obstacles faced by the users in using IPDDS: According to descending order of SOI
‘illiteracy’, ranked first followed by ‘inability of disease detection at an early stage’,
‘unavailability of the smart phone’, ‘ICT phobia’, ‘inadequate extension service to support the

use of IPDDS’, ‘lack of sufficient internet speed’, apathy to use IPDDS’, ‘need technical
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knowledge to use IPDDS’, ‘presence of multiple diseases in same plant’ and ‘presence of

background of the image’.

Suggestions of users for improving IPDDS: Against all the obstacles, users suggested for
its improvement. Frequently suggested suggestions by the users included- covering all stages
of disease, farmers’ training, off-line system, comparison system, voice interactive system,

intelligent system, comparison system, image uploading option etc.

Improved framework of IPDDS as per suggestions of the users: Based on the findings of
the study an improved framework was proposed. Obstacles faced by the user farmer for
detecting plant diseases, their suggestions to mitigate the obstacles, and insight of the
researcher were taken into considerations. This is a functional model. This model focus on
policy implication rather than an architectural model. It provides a functional way of
developing multipurpose IPDDS that can be developed and improved gradually at low cost
with low resources. Major features and scopes of the framework are- usability in both online
and offline mode, wide accessibility, intelligent system, interactive interface, plant disease

detection, field crop monitoring, disease forecasting, localized use of resources.

5.1.3.3 Characteristics profile of the users

Age: An overwhelming majority (86.70%) of the IPDDS users were young compared to 10.40
percent being middle aged and 2.90 percent old.

Education: The highest proportion (68.0%) of the IPDDS users had tertiary level of
education, compared to 20.6 percent higher secondary education level, 10.20 percent
secondary level of education and 1.30 percent primary level of education. These finding
indicated that cent percent (100%) of the respondents were literate with primary to tertiary

level of education.

Use of ICT: About two-third (65.90%) of the respondent were moderate users of ICT,
compared to 28.60 percent high user of ICT and 12.80 percent low user. Findings again

revealed that overwhelming majority (94.5%) of the users were medium to high users of ICT.
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Farming experience: An overwhelming majority (87.50%) of the users had medium farming
experience, compared to 11.20 percent had long and 1.30 percent had short farming

experience.

Crop farm size: The highest proportion (45.8 percent) of the IPDDS user respondents had
small crop farm size while 25.3 percent and 15.9 percent had medium and marginal farm size

respectively. The rest 6.3% of the respondent had large farm size.

Annual crop production income: Most of the users (65.60 percent) had medium income
compared to 25.5% of the users had high income, 8.90 percent had low income from crop

production.

Time saved: Most of the users (70.60 percent) saved medium time compared to 15.60% of
the users saved low time and 13.80 percent saved high time for detecting plant diseases by
using IPDDS.

Cost saved: Most of the user (75.80 percent) saved medium cost compared to 13.00% of the
users saved high cost and 11.20 percent saved low cost by using IPDDS for detecting plant

disease.

Visit saved: Most of the users (65.60 percent) saved medium visit compared to 28.40% of the
users saved low visit and 6.0 percent saved high visit by using IPDDS for detecting plant

disease.

Individual extension contact: Majority (69.3%) of the users had medium extension contact,
compared to 16.7 percent having high extension contact and 14.10 percent had low individual
extension contact. Findings again revealed that more than two-third (86.00%) of the users had

medium to high individual extension contact.

Knowledge on plant disease management: The majority (66.4%) of the users had medium
knowledge compared to 21.6 percent had high knowledge and 12.0 percent had low
Knowledge on plant disease management. Findings again revealed that Overwhelming
majority (82.0%) of the users had medium to high knowledge on plant disease management.

Use of IPDDS: About two-third (63.5%) of the users had medium use compared to 22.9
percent had low use and 13.5 percent had high use of IPDDS. Findings again revealed that te
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overwhelming majority (77.00%) of the users had medium to high use of IPDDS. Based on
Standardized Use Index (SUI), ‘Krishoker Janala’ ranked first followed by ‘Plantix’ and
‘Plant Doctor’. No other IPDDS found to be used in Bangladesh.

Benefits obtained by using IPDDS: The highest proportion (74%) of the respondents
belonged to the group obtaining medium benefits by using IPDDS, while 10.4% and 15.6%
belonged to the group obtaining low and high benefits by using IPDDS respectively. Thus,
overwhelming majority (89.6 %) of the users obtained medium to high benefits by using
IPDDS.

Obstacles faced in using IPDDS: The highest proportion (74.00%) of the users faced
medium obstacles in using IPDDS compared to 15.6% and 10.40% having high and low
obstacles in using IPDDS respectively. It means that Overwhelming majority (84.4%) of the

users faced medium to high obstacles in using IPDDS.

5.1.3.4 Contribution and Effect of the Selected Characteristics of the Users to/on
Their Perceived Effectiveness of IPDDS

Contribution of the selected characteristics of the users to the perceived effectiveness of
IPDDS: Step-wise multiple regression analysis indicated that four (4) selected characteristics
of the IPDDS users such as ‘time saved’, ‘knowledge on plant disease management’, ‘benefits
obtained by using IPDDS’ and ‘use of ICT had significant positive contribution and one (1)
variable namely ‘Obstacles faced in using IPDDS’ had significant negative contribution to
their perceived effectiveness of IPDDS. The whole model of five (5) variables explained 34.5
percent of the total variation to the effectiveness of IPDDS. Since the standardized regression
coefficients (Beta weight) of four (5) variables formed the equation and were significant, it

might be assumed that whatever contribution was there, it was due to these five (5) variables.

Indirect effects of the selected characteristics of the users on the perceived effectiveness
of using IPDDS: Path coefficient analysis indicated that each of the five (5) contributing
variables had total indirect effects through other four (4) variables to the effectiveness of
IPDDS ranging from 0.03 to 0.11.
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5.1.3.5 Comparative Benefits Obtained and Obstacles Faced in Using IPDDS

Benefits obtained by using IPDDS: According to the descending order of Standard Benefit
Index (SBI), ‘reduce time for detecting disease’ ranked first followed by ‘increase service
accessibility’, ‘increase service quality’, ‘increase respondents’ knowledge’, ‘reduce disease
detecting cost’, ‘increase quality of produces’, ‘increase production’, ‘increase net income’

and ‘reduce pesticide use’.

Obstacles faced by the farmer in using IPDDS: According to the descending order of
Standardized Obstacle Index (SOI) ‘illiteracy’, ranked first among the items of obstacles
followed by ‘inability of disease detection at an early stage’, “unavailability of the smart
phone’, ‘ICT phobia’, ‘inadequate extension service to support the use of IPDDS’, ‘lack of
sufficient internet speed’, apathy to use IPDDS’, ‘need technical knowledge to use IPDDS’,

‘presence of multiple diseases in same plant’ and ‘presence of background of the image’.

5.1.3.6 Suggestions of the Users for Improving IPDDS and Development of an
Improved Model for IPDDS

Attempts were taken to seek suggestions from the respondents against each obstacle to
mitigate them. To improve IPDDS, users provided overall suggestions and they also provided
suggestions against each item of obstacle to mitigate them. Frequently suggested suggestions
were covering all stages of disease, off-line system, farmers’ training, voice interactive

system, intelligent system, comparison system and image uploading option etc.

Development of an improved model for IPDDS as per suggestions of the users: Based on
the findings of the study an improved model was proposed. Obstacles faced by the user
farmers for detecting plant diseases, their suggestions to mitigate the obstacles, and insight of
the researcher were taken into considerations. The model focus on policy implication rather
than an architectural model. It provides a functional way of developing multipurpose IPDDS
that can be developed and improved gradually at low cost with low resources. The researcher
emphasized the system-user interaction and user-friendliness. Major features of the model

include -usability in both online and offline mode, wide accessibility, intelligent system,
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interactive interface etc. The model poses several scopes like -plant disease detection, field

crop monitoring, disease forecasting, localized use of resources. This model gives a guideline

to develop local IPDDS using local resources. Own data set can be created so that more

accuracy can be found by using even local small datasets with variation.

5.2 Conclusions

Based on the findings, discussion and logical interpretation, the following conclusions were

drawn:

IPDDS was used by a wide range of professional such as farmers (36%), private
service holders (18.8%), businessmen (17.2%), students (16%), and government
service holders (12%) for a wide range of purposes like - own farming (44%), farm
supporting (34%), service and farming (6.8%), business and farming (4.4%), advisory
service (3.6%), roof top gardening (3.2%), study and business (2.0%) and the user are
scattered in all the regions of Bangladesh. Therefore, it can be concluded that IPDDS

has a potentiality to reach agricultural advisory services among a wide range of people.

Overwhelming majority (80.5%) of the users perceived that IPDDS was low to
moderate effective to detect plant diseases and getting plant diseases-related services
and rest 19.50% users perceived IPDDS as highly effective tool for detecting plant
diseases and getting related services. Therefore, conclusion can be drawn that there is

still scope to make it more effective.

According to descending order of Standardized Effectiveness Index (SEI), ‘on-time
service’ ranked first among the items of effectiveness followed by ‘time needed for
getting service’, ‘service cost’, ‘delivery of the service’, ‘ease of the system’, ‘proper
identification of plant disease’ etc. Therefore, it may be concluded that these points

are important determinant for the effectiveness of IPDDS.

Most of the users (70.60 percent) saved medium time compared to 15.60% of the users
saved low time and 13.80 percent saved high time for detecting plant diseases by using

IPDDS. Step-wise multiple regression analysis indicated that the ‘time saved’ by the
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users in detecting plant disease had significant positive contribution to their perceived
effectiveness of IPDDS. ‘Time saved’ of the users had indirect effect through
‘knowledge on plant disease management’, ‘benefits of using IPDDS’, ‘use of ICT’
and ‘obstacles faced in using IPDDS on their perceived effectiveness of IPDDS.
Therefore, it may be logically concluded that the users saved more time in detecting
plant disease by using IPDDS perceived more effectiveness of IPDDS.

Overwhelming majority (82.0%) of the users had medium to high knowledge on plant
disease management. Step-wise regression showed that ‘knowledge on plant disease
management’ Of the users had significant positive contribution to their perceived
effectiveness of IPDDS. ‘Knowledge on plant disease management’ Of the users had
indirect effect through ‘time saved’, ‘benefits of using IPDDS’, ‘use of ICT’ and
‘obstacles faced in using IPDDS’ on their perceived effectiveness of IPDDS. It may
be inferred that other variables remaining constant, knowledge on plant disease
management had an influence on the effectiveness of using IPDDS and was a

determinant of the effectiveness of using IPDDS.

Overwhelming majority (94.5%) of the users were medium to high users of ICT. ‘Use
of ICT’ of the users had significant positive contribution to their perceived
effectiveness of IPDDS. ‘Use of ICT of the users had indirect effects through ‘time
save’, ‘knowledge on plant disease management’, ‘benefits of using IPDDS’ and
‘obstacles faced in using IPDDS’ on their perceived effectiveness of IPDDS. It may
be inferred that other variables remaining constant, the use of ICT of the users had an
influence on the effectiveness of using IPDDS and was a determinant of the

effectiveness of using IPDDS.

Majority (84.4%) of the users faced medium to high obstacles in using IPDDS.
‘Obstacles faced in using IPDDS’ had significant negative contribution to their
perceived effectiveness of IPDDS. ‘Obstacles faced in using IPDDS’ had indirect
effects through ‘Use of ICT”, ‘time save’, ‘knowledge on plant disease management’

and ‘benefits of using IPDDS’ on their perceived effectiveness of IPDDS. It may be
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inferred that other variables remaining constant, ‘Obstacles faced in using IPDDS’ had
negative influence on the effectiveness of using IPDDS and was a determinant of the
effectiveness of using IPDDS. According to descending order of Standardized
Obstacle Index (SOI) ‘illiteracy’, ranked first item of obstacles followed by ‘inability
of disease detection at an early stage’, ‘unavailability of the smart phone’, ‘ICT
phobia’, ‘inadequate extension service to support the use of IPDDS’ etc. Therefore, it
may be concluded that items of benefits and obstacles are to be taken into

consideration to minimize the obstacles for increasing the effectiveness of IPDDS.

Based on the suggestions of the users to minimized the obstacles of using IPDDS, a
model of IPDDS is proposed to focus on policy implication rather than an architectural
model. It provides a useful way of developing multipurpose IPDDS that can be
developed and improved gradually at low cost with low resources. The researcher
emphasized the system-user interaction and user-friendliness. Major features of the
model include -usability in both online and offline mode, wide accessibility, intelligent
system, interactive interface etc. The model poses several scopes like -plant disease
detection, field crop monitoring, disease forecasting, localized use of resources. This
model gives a guideline to develop local IPDDS using local resources. Own data set
can be created to find more accuracy by using even local small datasets with a
variation. Therefore, it can be concluded that the proposed model has the potential to

be used in agriculture for better agricultural advisory services.

5.3 Recommendations

5.3.1 Recommendations for policy implication

IPDDS was used by a wide range of professional such as farmers, private service
holders, businessmen, students, and government service holders for a wide range of
purposes like - own farming, farm supporting, service and farming, business and
farming, advisory service, roof top gardening, study and business and the user are
scattered in all the regions of Bangladesh. Overwhelming majority (84.1%) of the
users perceived that IPDDS was low to moderate effective to detect plant diseases and

getting plant diseases related services. Therefore, it can be recommended that IPDDS
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should be extended for better agricultural advisory services with its improvement.
Both IT-industry and policy formulating authority should take steps to improve the
effectiveness of IPDDS.

Standardized Effectiveness Index (SEI) of the items were varied. Therefore, it may be
recommended that attempts should be taken to improve the IPDDS for increasing the
effectiveness of all the items. Therefore, steps should be taken by the authority to
improve the items having low SEI.

‘Time saved’ by the users in detecting plant disease had significant positive
contribution to their perceived effectiveness of IPDDS. Therefore, it may be
recommended that IPDDS is need to be prepared in such a mode that the users can
save their valuable time to detecting plant disease and to get related information in

time.

‘Knowledge on plant disease management’ of the users had significant positive
contribution to their perceived effectiveness of IPDDS. Therefore, it may be
recommended that agricultural advisory service providing organizations should
provide necessary training to improve the knowledge of the farmers on plant disease
management so that they could use IPDDS effectively to detect plant diseases and to

get related information.

‘Use of ICT’ of the users had significant positive contribution to their perceived
effectiveness of IPDDS. Therefore, it may be recommended that agricultural advisory
service providing organizations should take necessary motivational campaigning for
the farmers and to provide necessary ICT tools so that they could use IPDDS

effectively to detect plant diseases and to get related information.

‘Obstacles faced in using IPDDS’ had significant negative contribution to their
perceived effectiveness of IPDDS. Out of the obstacles in using IPDDS, ‘inability of

disease detection at an early stage’, ‘presence of multiple diseases in same plant’ and
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‘presence of background of the image’ are related to the development of IPDDS while
the rest of them are related to policy implication. Therefore, it is recommended that
IPDDS should be improved through developing IPDDS overcoming ‘inability of
disease detection at an early stage’, ‘presence of multiple diseases in same plant’ and
‘presence of background of the image’ obstacles. Remaining issues to be addressed at
the policy level through implementing programs for increasing farmer’s capacity and
infrastructure facilities and advisory service providing organizations should take
necessary actions so that the farmers could get better benefits.

The proposed model provides a useful way of developing multipurpose IPDDS that
can be developed and improved gradually at low cost with low resources. Therefore,
agricultural policy makers, IT industries, start-ups and entrepreneurs should come

forward to implement the proposed model for improving IPDDS.

5.3.1 Recommendations for future works

The concept of IPDDS is comparatively new and technologies used in this case are rapid

changing. Therefore, this study recommends some future works like:

v' Factors of the farmers were many and varied, but in the present study only 14 factors

on personal, socio-economic and psychological aspects were taken into consideration.
As features and scopes of ICT interventions change rapidly over time, further research
should be conducted involving other variables.

This study just found out the suggestion of farmers for improving IPDDS and took
into account some of them to develop a model for improvement. There are ample
scopes of more research on suggestions provided by the farmer.

The scope of integrating IPDDS with Agricultural Decision Support System (ADSS)
to make farmers enable to take the right decision on any issue of growing crop at any
time can be studied.

Effectiveness of the proposed functional model for improving DPPIS needs to be

studied further from farmers’ perspectives.
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v Determining the features of IPDDS influencing effectiveness among the farmers and
their contributions to the effectiveness of IPDDS needs to studied.

v Comparison on the user of IPDDS and non-user of IPDDS in respect of knowledge
on plant disease management, problems faced in plant disease management, annual

income etc. can be studied.
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Appendices
Appendix |

English version of the Interview schedule

‘ 7% Department of Agricultural Extension and Information System
kS |

&’»” .%‘T-i: Sher-e-Bangla Agricultural University, Dhaka — 1207

b

Interview schedule for conducting research on
“EFFECTIVENESS OF IMAGE-BASED PLANT DISEASE DETECTION SYSTEM

(IPDDS)”
Sample No. Mobile phone #
Name of the respondent: Gender:
Profession: ...........coooviiiiiiiiil, Use Purpose: .........cooevinnn.
Address:
Village.....oooviiiiii UNION. ..ot
Thana.................ol. District......ooeviiiiiii Region...................

(Please provide following information. Your information will be kept confidential and will
be used for research purpose only.)

1. Age
Howoldareyou? ............coooviiiiiiinne.. years.
2. Education
Please put tick mark (V) in the appropriate parenthesis or mention your level of education.
i) Can’t read and write. ( )
i) Can’t read and write but can sign only. ( )
iii) I learnt reading and writing from adult learning center. ()
iv)[readuptoclass ........oooeviiiiiiiiiiii, ( )

3. Use of ICT (ICT device and internet)
Please mention your extent of use of ICT by putting tick mark (V) in the appropriate
column.

SI. | Items Maximum score for use of ICT

No. Regular | Occasional | Rare Not at
all

1 Mobile device - offline 3 2 1 0

2 Mobile device - online 4 3 2 0

131



Computer device - offline

Computer device - online

Computer and Mobile device - offline

[exRRS2 N> N O]

Computer and Mobile device - online

||| O

~N[(o|ol A~

[ex RN N> N O]

[ellelle]le]

4. Farming experience

Please mention your farming experience in years.

5. Crop farm size

Please mention about the size of your crop farm size on the following items:

Sl ltems

Crop farm size

no.

Local unit

Decimal

1 Own land under own cultivation

basis

2 Land taken from others as lease or share

Total

6. Annual crop production income
Please provide information about your current year crop production income.

SI. no.

Crops

Production
(Kg)

Price/Kg
(BDT)

Total income
(‘000°’BDT)

A) Cereal crops

1

Rice

2

Wheat

3

Maize

B) Vegetable crops

1

Brinjal

Potato

Tomato

Bean

o hlwIN

Cabbage

C) Fruit Crops

1

Mango

2

Banana

3

Jackfruit

4

Papaya

D) Other crops (Please mention)

Total income
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7. Time saved
a) How much delay occurred
IPDDS?............ hours.

in getting disease-related service without using

b) How much delay occurred in getting disease-related service using
IPDDS?........c....... hours. Time saved =a-b=......... hours.

8. Cost saved

a) How much cost needed in getting disease-related service without using
IPDDS?............... TK.

b) How much cost needed in getting disease-related service using IPDDS? ....... TK.
Costsaved =a-b=......... TK.

9. Visit saved

a) How much visit needed in getting disease-related service without using IPDDS?........

b) How much visit needed in getting disease-related service using IPDDS? .......
Visitsaved =a-b=..........

10. Individual Extension contact
Please give the information about your extent of contact with the following individual
media by putting tick (\) in the appropriate column.

Extent of individual extension contact
r?cl)' Extension media Regular Occasional Rare Not at
' (©) ) 1) all (0)
Personal communication exposure
1 Neighbor/relative >6 times 4-6 times 1-3 times No
farmers /month /month /month contact
3 Model/leader Farmers >4 times 3-4 times 1-2 times No
/month /month /month contact
4 | Agricultural input dealers | >3 times 2-3times / 1 time/ No
(seed, Fertilizer, /month month month contact
Pesticides etc)
Block/Union level >2 times 2 times /month | 1 times No
Extension agents /month /month contact
(GO/NGO)
5 Upazilla or above level >4 times 3-4 times 1-2 times No
extension service /quarter /quarter /quarter contact
providers

11. Knowledge on plant disease management

Please answer the following questions by putting tick (\) mark.

Item
no.

Items of plant disease management knowledge test

Remembering

1 | Which one of the following is a dangerous disease for rice?
oBPH 0 Blast o Rice Hispa
2 | Which one is an IPDDS?
o Plantix o Krishoker Janala o Both
Understanding
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Item Items of plant disease management knowledge test
no.
3 | Why do you use IPDDS?
o It saves time. o To get service timely o Both of two
4 | What will you do to produce safe food?
o Using non chemical approach o Applying IPM o Both o None
Applying
5 | How do you use IPDDS?
o By installing in smartphone o Sharing from service provider o Both
6 | How do you produce safe crop?
o By using IPM o By using chemicals o Both
Analyzing
7 | Why farmers show low interest to use IPDDS?
o Need smartphone o Need literacy o Both of the two
8 | Why quality smartphone is needed to use IPDDS?
o To capture quality image o To look good o None
Evaluating
9 | What is the disadvantages of keeping crop field infested?
o Production decrease o Quality of produce decrease o Both
10 | What is the benefit of seed treatment?
0 Reduce seed borne disease o Produce healthy seedling o Both
Creating
11 How to identify unknown disease of plant when IPDDS can’t identify it?
o By using IPDDS image library o Asking local leader o Burning crop
12 In case of un-availability of internet, what will you do?
o Use of off-line IPDD system o Use common sense o None
12. Use of IPDDS
Please mention the degree of your use of following IPDDSs for detecting plant diseases
by putting tick (V) in the appropriate column.

Name of IPDDS Extent of Use
Regular use | Occasional use | Seldom use Not at all
use
Krishoker janala
Plantix
Plant Doctor
Total

13. Benefits of using IPDDS
Please mention the extent of benetits of IPDDS as perceived by you by putting tick mark
(\) in the appropriate column.

Extent of benefits
Sl [tems High Mogera Low | Notatall
no. benefit benefit benefit

3) be(”ze)“t 1) (0)

1 | Reduce time for detecting disease
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Reduce disease detecting cost

Increase production

Increase service accessibility

Increase service quality

Reduce pesticide use

Increase net income

ONOOIBAWIN

Increase farmers’ knowledge

9

Increase quality of produces

Total

14.0

bstacles faced in using IPDDS

Please indicate the extent of obstacles faced by you in using IPDDS by putting tick mark
(\) in the appropriate column and give your suggestions to mitigate the obstacles.

Extent of problem faced

Suggestions

Sl. Items of obstacle Severe | Modera | Less | No © Trl]tégate
no. obstacle te obsta | obstac | - o ctacles
3) obstacle | cle le
) () ()
A. Socio-economic problems
1 | Hliteracy
2 | Unavailability of smart phone
B. Technical problems
3 | Lack of sufficient internet
speed
4 | Need technical knowledge to
use IPDDS
5 | Inadequate extension service to
support use of IPDDS
6 | Disease detection at early stage
7 | Presence of multiple diseases in
a same plant
8 | Presence of background of the
image
E. Psychological problems
9 | Apathy to use IPDDS
10 | ICT phobia
Total
15. Effectiveness of Image-based Plant Disease Detection System (IPDDS)
Please mention the degree of effectiveness of IPDDS as perceived by you.
Extent of effects
Sl Highly | Moderatel Less Not at all
no. Items of effects effective | y effective | effective | effective
(3) (2) (1) (0)
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A. System accuracy

1 | Proper identification of plant
disease

2 | Smooth working system

w

Negligible error in the system

B. User-friendliness

Easy to use

Easy to remember how to use

Lower size of the software

Lower device hanging tendency

O N0

Comfort to use

C. Off-line usability

9 | Off-line running

10 | Off-line installation

11 | Off-line sharing

D. Device responsiveness

12 | Running in any smart device

13 | Requirement of lower processor

14 | Platform operability

E. Content quality

15 | Usefulness of content

16 | Updated content

17 | Validity of content

F. User satisfaction

18 | Ease of the system

19 | Delivery of the service

20 | Service cost

21 | On-time service

22 | Time needed for getting service

Total

Thank you for your cooperation.

Signature of the Interviewer with date

136




Appendix Il

Snapshots of Mobile Applications of some IPDDS
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APPENDIX 111

Pre-test Items of Knowledge on plant disease management Test

Item Items of Knowledge on plant disease management Test
No.

Remembering

1.a | Which of the following is harmful insect?

L1 Lady bird beetle L1 Fruit and shoot borer (_laying mantid
1.b | Which one is an IPDDS?

o Plantix o Krishoker Janala o Both
1.c | Which of the following is the best control measure for rice bug?

L1 Burning tire [ Dil cake Cowdung

1.d | Which one of the following is a dangerous disease for rice?
oBPH o Blast o Rice Hispa

Understanding

2.a | Why do you use IPDDS?
o It saves time. o To get service timely o Both of two

2.b | Which is the cause for increasing plant disease infestation?
[_] Use of chemical fertilizer and pesticides in the crop field
1 Use of infected seed

[_1 Both of the above

2.c | What will you do to produce safe food?
o Using non chemical approach o Applying IPM o Both o None

2.d | How can you produce environment-friendly agricultural crops?

1 By using chemical fertilizer and pesticides in the crop field

1 By using organic manure and botanical pesticides in the crop field
[_1 Don't know

Applying

3.a | How insects can be controlled by light trap?

[ By killing flying insects accumulated in the light trap

[ All types of insects can accumulate in the light trap, then these
should be killed

[_1 No insect can be controlled by light trap

3.b | How do you use IPDDS?
o By installing in smartphone o Sharing from service provider o Both

3.c | How do you produce safe crop?
o By using IPM o By using chemicals o Both

3.d | How bio-pesticides are used?
[_1 By spraying

[_] By mixing with seeds
[_I None of the above

Analyzing
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4.a | Why farmers show low interest to use IPDDS?
o Need smartphone o Need literacy o Both of the two

4.b | Why quality smartphone is needed to use IPDDS?
o To capture quality image o To look good o None

4.c | It is becoming hard to control pest even after use of high doses of chemical
pesticides, why?

[_1 Pests are becoming resistant to chemical pesticides

L1 Impure pesticides

[_1 Both of the above

4.d | How beneficial insects can help in agriculture?
[_1By eating harmful insects

1 Help in pollination

[_1 Both of the above

Evaluating

5.a | What is the disadvantages of keeping crop field infested?
o Production decrease o Quality of produce decrease o Both

5.b | What is the demerit of using chemical pesticide in the crop field?
[_ICreate toxicity in the soil

[_1Decrease soil microbial activity

[_1Both of the above

5.c | What is the benefit of seed treatment?
o Reduce seed borne disease o Produce healthy seedling o Both

5.d | What is the demerit of decreasing of trees and plants?
[_ICreate environmental pollution

1 Decrease crop productivity

[_1Both of the two

Creating

6.2 | How to identify unknown disease of plant when IPDDS can’t identify it?
o By using IPDDS image library o Asking local leader o Burning crop

6.0 | How can you control aphid from bean field?
1By applying ash on the bean plant
[_1By putting bamboo in the field

[_1 By putting tree branches in the field

6.c | In case of un-availability of internet, what will you do?
o Use of off-line IPDD system o Use common sense o None

6.d | What do you do with the crop residues and weeds?
[ Itis mixed in the soil as fertilizers

1 It is thrown to other places without any use
[_1 Itis used as fuel
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APPENDIX IV

Difficulty Indices and Discrimination Indices of the 36 Items of Knowledge on plant
disease management Test

SI.No. Frequencies of correct Total frequencies | Difficulty | Discrimination
of Items | answers given by each group of (N=24) index (P) Index (EY?)
of respondents (each group
containing 4 users)
G1| G2 |Gz |Gs| Gs| Ge |correct | Wrong
answers | answers

la o101 |1]|0 3 21 12.50 0
1.b 4 | 4|3 |3|3]|3 20 4 83.33* 0.25*
1.c 11001 ]0]1 3 21 12.50 0
1.d 4 14|12 |2 |32 17 7 70.83* 0.375*
2.a 4 |4 | 4|4 | 2|2 20 4 83.33* 0.5*
2.b 314 |4|4] 4|3 22 2 91.67 0
2.C 21 1]0]0]1]0 4 20 16.67* 0.25*
2.d 1]10[(1]0]0]1 3 21 12.50 0
3.a 0O/1|]0|]0|0]|1 2 22 8.33 0
3.b 33|44 |10 15 9 62.50* 0.625*
3.c 4 | 4|3 |3|3]|3 20 4 83.33* 0.25*
3.d 21 0]0]0]1]0 3 21 12.50 0.125
4.a 2 |44 4] 3] 2 19 5 79.17* 0.125*
4.b 324|421 16 8 66.67* 0.25*
4.c 4 |4 |4 |3 |43 22 2 91.67 0.125
4d 4 (41312 |0]O0 13 11 54.17 1
5.a 4 1313|310 14 10 58.33* 0.75*
5.b o121 |1]|0 5 19 20.83 0
5.c 33|32 |11 13 11 54.17* 0.5*
5.d 4 14|14 |13|0]|0 15 9 62.50 1
6.a 4 (412|243 19 5 79.17* 0.125*
6.b 4 |4 | 4|4 | 4|3 23 1 95.83 0.125
6.c 3/3|1|1|]0]|0 8 16 33.33* 0.75*
6.d 3|2 |3 |2|3]|2 15 9 62.50 0

* Items selected for the study
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The t-values of the items of effectiveness of IPDDS

Appendix V

SI. No. | Items of Effectiveness t-value

— 1 Proper identification of plant diseases 2.24*

§ 2 Smoothly working system 2.24*

3]

S 3 Speedy system 1.53

g% 4 Installation easy 1.17
c% 5 Negligible error in the system 2.24*

6 Easy instruction 1.46

7 Easy to use 2.24*

8 Easy to remember how to use 2.24*

ﬁ 9 Easy to remove from device 1.20
% 10 Lower size of the software 2.24*
f;_’ 11 Lower device hanging tendency 1.86*
§ 12 Comfort to use 2.24*

> 13 Comfort to eye 0.54

14 Low skill needed 1.54

15 No buffering 1.46

16 Off-line running 2.24*

2z 17 | Off-line installation 2.24*

% g 18 Off-line uploading 1.53
19 Off-line sharing 1.91*

® 20 Running in any smart device 2.24*

% %,)_ g 21 Requirement of lower processor 2.00*
0 S 22 Platform operability 2.24*
23 Usefulness of content 2.24*

% 2 24 Updated content 2.24*
g g 25 Validity of content 2.54*

26 Easy language 1.00
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27 Ease of the system 2.24*
15 28 | Delivery of the service 2.24*
g 29 Service cost 2.24*
E 30 On-time service 2.00*
% 31 Time needed for getting service 2.08*
32 Low waiting time 1.41

*Significant t-value and finally selected for the scale

142




Appendix VI
Correlation Matrix

X1 X2 X3 X4 Xs Xe X7 Xs Xo X10 X1 X12 X13 X4
X1 -
X2 | 2577 | -
X3 | 144 | 3227 | -
X4 | 203™| .001 | -010 | -
Xs | 024 | -032 | -.081|.147"| -
Xs | -028|-.078 | -.059 |.161"|.741"| -
X7 | 025 | .013 | .037 | .060 | .095 | .049 | -
Xe | 067 | -.042 | .066 | .055 | .050 | .053 |.496™ | -
Xo | 078 | .022 | -.036 | .122" | .106" | .069 |.720"* | 457" | -
Xw | 154 | .000 | -.048 |.206™ | .288™ | .296™ | .137" | .056 |.147"| -
Au | 111" |.194™|.186™ | 114" | .031 | .048 |.176™| .121" | .099 |.255™| -
X2 | 047 |.149"|.215™| .084 | .052 | .103" |.172""|.173"| .113" | .236™ | .338" -
X13 | -077 | -.010 | -.006 | .084 | .088 | .080 | .124" | .006 | .038 |.162™| .035 |.132"| -
X |-103"| -.015 | -.083 | -.002 | .199™ | .135™ | .025 | -.043 | -.010 |.158™ | -.158" | -.025 | .299™ | -
Y | 029 |-023|.134™| 029 | .064 | .088 |.376™|.192"|.153™ | .142" | .295" | .202"* | .188™ | -.104"
X1= Age Xg= Cost saved

X>= Education

Xs=Use of ICT

X4= Farming experience
Xs= Crop farm size
Xs= Annual crop production income

X7= Time saved

Xo= Visit saved

X10= Individual extension contact
X11= Knowledge on plant disease

management

Xi12= Use of IPDDS

X13= Benefits of using IPDDS
X14= Obstacles in using IPDDS

Y=Effectiveness of using IPDDS
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Appendix VII
Step-wise Multiple Regression

Variables Entered/Removed?

Model | Variables Variables Method
Entered Removed
. Stepwise (Criteria: Probability-of-F-to-enter <=

1 |Timesaved | 050, Probability-of-F-to-remove >= .100).
Knowlwdge

) on plant Stepwise (Criteria: Probability-of-F-to-enter <=
disease "1.050, Probability-of-F-to-remove >=.100).
managemant

3 Benefit of Stepwise (Criteria: Probability-of-F-to-enter <=
using IPDDS "|.050, Probability-of-F-to-remove >=.100).

4 Obstacles in Stepwise (Criteria: Probability-of-F-to-enter <=
using IPDDS "1.050, Probability-of-F-to-remove >=.100).

5 Use of ICT Stepwise (Criteria: Probability-of-F-to-enter <=
use "1.050, Probability-of-F-to-remove >=.100).

a. Dependent Variable: Effectiveness of using IPDDS

Model Summary’

Model R R Square Adjusted R Std. Error of the Estimate
Square

1 485° 235 233 8.074

2 548" .300 297 7.734

3 578° 334 329 7.554

4 .588¢ 346 339 7.498

5 .594° 353 345 7.465

a. Predictors: (Constant), Time saved

b. Predictors: (Constant), Time saved, Knowlwdge on plant disease managemant

c. Predictors: (Constant), Time saved, Knowlwdge on plant disease managemant,
Benefit of using IPDDS

d. Predictors: (Constant), Time saved, Knowlwdge on plant disease managemant,
Benefit of using IPDDS, Obstacles in using IPDDS

e. Predictors: (Constant), Time saved, Knowlwdge on plant disease managemant,
Benefit of using IPDDS, Obstacles in using IPDDS, Use of ICT use

f. Dependent Variable: Effectiveness of using IPDDS

ANOVA?
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Model Sum of df Mean F Sig.
Squares Square

Regression 7660.857 1 7660.857| 117.520 .000P
1 Residual 24901.799 382 65.188

Total 32562.656 383

Regression 9775.497 2 4887.748| 81.723 .000°
2 Residual 22787.160 381 59.809

Total 32562.656 383

Regression 10876.009 3 3625.336| 63.524 .000¢
3 Residual 21686.647 380 57.070

Total 32562.656 383

Regression 11257.174 4 2814.294| 50.063 .000°
4 Residual 21305.482 379 56.215

Total 32562.656 383

Regression 11497.735 5 2299.547| 41.264 .000
5 Residual 21064.922 378 55.727

Total 32562.656 383

a. Dependent Variable: Effectiveness of using IPDDS

b. Predictors: (Constant), Time saved

c. Predictors: (Constant), Time saved, Knowlwdge on plant disease managemant

d. Predictors: (Constant), Time saved, Knowlwdge on plant disease managemant,

Benefit of using IPDDS

e. Predictors: (Constant), Time saved, Knowlwdge on plant disease managemant,
Benefit of using IPDDS, Obstacles in using IPDDS

f. Predictors: (Constant), Time saved, Knowlwdge on plant disease managemant,
Benefit of using IPDDS, Obstacles in using IPDDS, Use of ICT use

Coefficients?

Model Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta

1 (Constant) 31.584 .785 40.231| .000
Time saved .909 .084 485| 10.841| .000
(Constant) 19.426 2.179 8.917| .000

5 Time saved 818 .082 437| 10.005| .000
Knowlwdge on plant 1.403 236 259| 5.946| .000
disease managemant

3 (Constant) 3.289 4.246 J75|  .439
Time saved 779 .080 415 9.688| .000

145




Knowlwdge on plant 1.317 231 243| 5693 .000

disease managemant

Benefit of using IPDDS 716 163 186 4.391| .000

(Constant) 4.843 4.257 1.138| .256

Time saved 7184 .080 4191 9.829| .000

Knowlwdge on plant 1.219 233 226| 5.245| 000
4 disease managemant

Benefit of using IPDDS .809 .166 210| 4.882| .000

Obstacles in using

IPDDS -.299 115 -112| -2.604| .010

(Constant) 2.433 4.394 554 | .580

Time saved 182 .079 4171 9.843] .000

Knowledge on plant 1.127 236 208| 4.781] .000
5 disease management

Benefit of using IPDDS .802 165 208 4.859| .000

Obstacles in using

IPDDS -.285 114 -107| -2.488| .013

Use of ICT use 550 .265 .088| 2.078| .038
a. Dependent Variable: Effectiveness of using IPDDS

Excluded Variables?
Model Beta In t Sig. Partial | Collinearit
Correlatio | y Statistics
n Tolerance

Use of use of IPDDS 117° 2.579 .010 131 .964

Benefit of using IPDDS 207" 4,702 .000 234 .983

Personal extension or®|  1718) 087 088 981

contact

Knowlwdge on plant 250°| 5946  .000 291 965
1 disease managemant

Use of ICT use 143 3.235 .001 163 997

Crop farm size .050°|  1.107 269 057 .986

Visit saved -117°| -1.754 .080 -.090 451

Cost saved .035° 132 465 .037 .864

Obstacles in using b

IPDDS -.101 -2.268 .024 -.115 .999

Use of use of IPDDS .036° 74 439 .040 .861
) Benefit of using IPDDS .186° 4.391 .000 220 976

Individual extension 019°| 418 676 021 928

contact
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Use of ICT use 096°|  2.197 029 112 957
Crop farm size .048° 1.123 .262 .057 .986
Visit saved -111°¢  -1.737 .083 -.089 451
Cost saved .040°¢ .861 .390 .044 .864
f;bgsg'es N tsing -067¢| -1544|  123|  -079 980
Use of use of IPDDS .007¢ 160 873 .008 843
Lg‘:l't‘;'(:(:”a' extension _003| -059| .953|  -.003 917
Use of ICT use 0949 2213 028 113 957
Crop farm size 0589  1.378 169 071 .984
Visit saved -088¢| -1.408 160 -.072 447
Cost saved .036¢ 793 428 041 863
ﬁfgt;;'es I Hsing -112¢| 2604|010  -133 934
Use of use of IPDDS 011° 237 812 012 842
Lr;(:]'t\;'c‘:”a' extension 020°| 455 650 023 882
Use of ICT use 088°|  2.078 038 106 954
Farm size 070°|  1.655 .099 085 974
Visit saved -092¢| -1.484 139 -.076 447
Cost saved .030°¢ .668 .505 .034 .861
Use of use of IPDDS -.002f -.037 971 -.002 .828
Lr::]'t‘;g”a' extension 0307  .668| 504 034 873
Farm size 0697  1.648 .100 .085 974
Visit saved -.086f| -1.397 163 -.072 446
Cost saved 030" 673 501 035 861

a. Dependent Variable: Effectiveness of using IPDDS

b. Predictors in the Model: (Constant), Time saved

c. Predictors in the Model: (Constant), Time saved, Knowlwdge on plant disease

managemant

d. Predictors in the Model: (Constant), Time saved, Knowlwdge on plant disease

managemant, Benefit of using IPDDS

e. Predictors in the Model: (Constant), Time saved, Knowlwdge on plant disease

managemant, Benefit of using IPDDS, Obstacles in using IPDDS

f. Predictors in the Model: (Constant), Time saved, Knowlwdge on plant disease
managemant, Benefit of using IPDDS, Obstacles in using IPDDS, Use of ICT use
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ABSTRACT

Use of image-based plant disease detection system (IPDDS) is getting
popularity day by day. In this case images of plant diseases are used to
detect the symptom. Several sophisticated techniques are used in
IPDDS. But in the recent year Bangladesh has experienced a very
simple solution called krishoker janala (farmer’s window) in providing
agricultural advisory services to the farmer. It is actually an image-
based system (mobile application also available) of plant disease
detection. Farmer/ user can easily real-time identify problem of their
plant by matching the symptom of the plant with the image of the
system. A case study was conducted to find out the effectiveness of
krishoker janala as perceived by the user. The study reveals that
84.62%, 11.54% and 3.85% respondent found kriskoker janala as
highly effective, moderately effective and less effective respectively.
The study also found that 92% respondents could solve their plants’
problem using krishoker janala application; did not need help from
others. That was an exceptional experience of Bangladesh in the field of
image-based plant disease detection. Study also reveals that user
reported some problems regarding the mobile application and they also
provided some recommendations to increase the effectiveness of the
system. These recommendations to be considered for increasing the
effectiveness of this system during next updating. Policy maker of the
country should include IT-industry into collaboration to incorporate
automate system
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Introduction

Agriculture covers the first two important goals of United Nation (UN) declared Sustainable
Development Goals (SDGs) namely ‘No poverty’ and ‘Zero hunger’. Bangladesh-an agrarian
country is fighting to achieve SDGs. But the farmers of the country face several problems in
growing crops like lack of proper agricultural inputs, labor crisis during peak seasons of
planting and harvesting, low price of the produces, and infestation of pests and diseases etc.
Although Bangladesh has got a very grass root level agricultural extension services, farmer
often suffered from lack of information and advices during the infestation. To get necessary
information and advice from Upazila Agriculture Office, farmers had to visit almost 5 to 30
Kilometers. Sometimes visiting the long distance to Upazila Agriculture Office, farmers
failed to meet with Upazila Agriculture Officer or other service providers. When a farmer
came to the agriculture office or to an agricultural extension service provider, sometimes
he/she failed to come with a symptom of the disease or the farmer failed to explain the
problem to the extension service provider clearly and thus it became difficult for the
extension service provider to identify the disease. The service provider then had to make field
visit to identify the problem and suggest requisite solution to overcome the problem (Malek,
2015). The process was costly in terms of both money and time. With the advances of
computer vision technology, several image-based plant disease detection systems are under
experiment and to some extent available (Rupavatharam et al, 2018).

Image-based Plant Disease Detection System (IPDDS)

Image-based plant disease detection system (IPDDS) can be defined as a system where plant
images are used to detect plant disease. The use of computer vision, and object recognition
has made tremendous advances in the past few years (Mohanty et al., 2016). A wide range of
technologies are used in IPDDS such as using support vector machine (Islam et al., 2017),
image processing (Abramoff et al.,2004), using image classification technique (Revathi et al.,
2013), image segmentation (Islam et al., 2017), using image library (Malek, 2015). Besides-
back propagation technique, Artificial Neural Network (ANN), Convolutional Neural
Network (CNN) are also very promising technologies for IPDDS. Among those techniques of
IPDDS, using image library is very easy to build, operate and low-cost one (Malek, 2015). It
is not very high-tech. Our study was on this type of IPDDS.

With availability of smart-phone, image-based plant disease detection is getting attention
in a growing speed. Various applications have been developed. Some of the applications are
being used at field level. But effectiveness of very few of them have been studied from
farmers/ users point of view. Most of the studies were on the development and performance
of the system. This study reviewed the works done so far for bringing the innovation into the
context of rural farmers. Mohanty et al.(2016) developed a system to identify plant disease
automatically. Using a public dataset of 54,306 images of diseased and healthy plant leaves,
they found an accuracy of 99.35% on a held-out test set and they claim it as a demonstration
of the feasibility of their approach. They collected the images under controlled conditions,
they trained a deep convolutional neural network to identify 14 crop species and 26 diseases
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(or absence thereof). Rupavatharam et al.(2018) studied system of Progressive Environment
Agriculture Technologies (PEAT), a German startup company developed mobile application
‘Plantix’ that assists in detecting damage on plants with the help of a smart phone image.
They reported 90% accuracy of the system. Tan et al. (2018) introduces a mobile application
named AuToDiDAC or Automated Tool for Disease Detection and Assessment for Cacao
Black Pod Rot (BPR) that automatically detects, separates, and assesses the infection level of
BPR in cacao through image processing and machine learning techniques. They reported an
average of 84% accuracy on an independent test set of ten cacao pod images. Barbedo (2016)
studied the problems associated with automatic plant disease identification using visible
range images like presence of complex backgrounds in the images, undefined boundaries of
the symptoms, uncontrolled image capture conditions that make the image analysis difficult,
diseases producing symptoms with a wide range of characteristics, presence of multi
symptoms etc.. He analyzed the problems and proposed possible solutions capable of
overcoming at least some of those challenges. Ferentinos (2018) developed convolutional
neural network models to perform plant disease detection and diagnosis using simple leaves
images of healthy and diseased plants, through deep learning methodologies. He used an
open database of 87,848 images, containing 25 different plants in a set of 58 distinct classes
of [plant, disease] combinations, including healthy plants to train the models. He reported
99.53% success rate in identifying the corresponding [plant, disease] combination (or healthy
plant) suggested the models as very useful advisory or early warning tool, and expandable to
support an integrated plant disease identification system to operate in real cultivation
conditions.

All the above mentioned initiatives were found to be very sophisticated. High-level
technology had been used and a huge cost and resources involved. Implementation of the
service needed to invest huge capital and resources. But these systems have got several
challenges to identify crop diseases like image quality, image background, image taking
condition etc. (Barbedo, 2016). Some of these challenges cause the system low effective in
performance. Moreover, these systems need huge resources and fund for implementation. In
these circumstances, the farmers of Bangladesh have experienced a new experience of an
innovative solution called krishoker janala. Farmer having installed the mobile app, can
easily match the problem of the crop with the pictures of the image library of the app. It is
consisting of more than 1000 problems of about 120 crops. It is available both online and
offline mode (Malek, 2015). The main objective of the study was to assess the effectiveness
of the krishoker janala app for providing agricultural services to the farmers. Specific
objectives of the study were as follows:

To explore farmer’s understanding on krishoker janala mobile application

To find out the benefits that farmers are getting through using the mobile application
To identify the challenges faced by users while using the app

To analyze krishoker janala as a service

To measure the satisfaction level of the user farmer

To find out improvement scope of the mobile application desired by the user.
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Methodology

The study was conducted as a case study. Although case study research method is often
considered to be invalid, invaluable and improper (Yin, 2003), it is an established research
method in social sciences (Teegavarapu et al., 2008) -a review of literature in social sciences
(Yin, 2003; Lukoff et al.,1998 and Dresch et al., 2015) support the argument. The study was
conducted in two upazilas viz. Sadar upazila of Norsindi and Sadar upazila of Gazipur. The
upazilas were selected based on the user density report provided by Department of
Agriculture Extension (DAE). Top two user density upazilas were selected for the study.
Two Focus Group Discussions (FGDs) were conducted (10 participants each). Key Informant
Interview was conducted with Upazila Agriculture Officer, Agriculture Extension Officer and
Sub-Assistant Agriculture Officer to get primary data. Secondary documents, media reports
etc. were thoroughly studied. The content of the website, application and user responses were
also studied. Based on FGDs, Key Informant Interview and review of literature and
secondary documents, interview schedule was prepared. Users of almost all categories were
included in the study. Out of 3328 registered users a total of 330 users were selected
randomly from krishoker janala app user registration information and interviewed. Reviews
of the app user were also collected from Google play store. After completing the collection of
data, data were cleaned and analyzed and graphs and charts were presented in excel.

Some limitations of the study included: firstly- interviewee from krishoker janala app
users registration information, were those users who had registered themselves for sending
picture to the application. (krishoker janala has got a picture sending option). Secondly-
reviewers of the app are advanced level users. Ensuring proportionate sampling was a
challenge of the study. To overcome the limitations and ensuring Guba’s (Guba, 1981)
criteria (credibility, transferability, dependability and confirmability) for the study; various
techniques were applied such as consultation of appropriate documents and preliminary visits
to the respondents and authority (Lincoln et al.,1981) were done and good relationship
(Erlandson et al.,1993) was established between researcher and users. Triangulation
(Maanen, 1983) was done by the use of a wide range of informants. The use of “overlapping
methods” as suggested by Shenton et al. (2004) was done by conducting the FGDs and
personal interview. Despite all these steps, the presence of advance user was dominating to
some extent in this study. Therefore, scopes prevail for further study to know the opinion of
common users of kriskoker janala mobile application. Regarding using case study as research
methods it can be concluded with the help of Yin, the most prominent critic of this method
that case study is not only a suitable method to explore the subject; it also can be used to
explain certain phenomena (Yin, 1984).
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Result and Discussion
Bangladesh’s experience on Image-based Plant Disease Detection System (IPDDS)

From the study it was found that, considering the problems faced by Bangladeshi farmers in
getting agricultural advisory services Malek (2015) designed an image-based plant’s problem
(pest and disease) identification system later get popularity as krishoker janala. He collected
images of plants’ problem from several parts of Bangladesh. Then he created a database
(image library) using Hyper Text Markup Language (HTML). He used several images
including at least one representative image of the problem. He arranged images in the
database logically so that anyone can identify his/ her plant’s problem matching it with the
images of the library of the application. All the images of a problem were linked with the
solution of the problem. Solution came out on clicking the image identified. Initially, it was
used as a device responsive database both in online and off-line mode to identify plant’s
problem. Later android based Krishoker janala mobile application was developed and got
user response. This initiative had got a significant popularity among the farmer. The number
of user was about 1 million (Codex, 2017). One of the major uniqueness of krishoker janala
was- it gave the opportunity of detecting problem images by the users themselves.

The study found that two versions of the application were available in the google play
store viz krishoker janala (Codex, 2017) and krishoker janala new (Codex, 2020). The study
also found that more than 50,000 downloads for each version, 800 reviews for old version
and 250 reviews for new version as on 15 June 2020. Among the reviewers (N=421) 80.04%
reviewed kriskoker janala as highly effective, 12.58% as moderately effective and 7.38% as
less effective. These results were very much closer to the results found from interview where
(n=330) 84.62%, 11.54% and 3.85% respondent found kriskoker janala as highly effective,
moderately effective and less effective, respectively (Figure 1).

Malek (2015) reported that 94% user respondents had the opinion that the new
intervention (krishoker janala) was most suitable for them, through using the database cost of
delivering service or having service (up to 86%), time needed for delivering service or having
service (up to 66.67%) while average number of visit (48%) was reduced.

Sultana et al. (2019) studied the effectiveness of ‘krishoker janala’ image-based plant
disease detection System (database) and reported that 64.2% of the user respondents
perceived that use of krisoker Janala is moderately effective while 24.5% and 11.3% of them
perceived as less and high effective respectively.

Our study found that the study conducted by Sultana et al. (2019) was only on the service
provider Sub-Assistant Agriculture Officer (SAAO) who were trained on various services of
DAE not much dependent on krishoker janala app. But our study was on the actual user
including farmer and SAAOs and found more effectiveness than the study of Sultana et al.
(2019). Our study also found that user could identify the problem of their crops on the spot
using krishoker janala mobile application.
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Figure 1 Level of satisfaction of kriskoker janala app user in percentage (%)

Degree of effectiveness varies with user group. How much variation depends on the
characteristics of users- is a matter of another research. This study covered some of them.
The application is effective but respondent have more recommendations as reflected in the
following review:

“Very useful app that’s very much helpful to farmers and also to the general peoples. A
general person can treat any disease/insect affected fruits or vegetables trees by using this
app, but I will personally request to the authority to add more information about disease,
insects affect, and also update the apps regulariy....”’
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Figure 2 Age distribution of user in percentage (%)
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The age distribution of the user respondents is shown in figure 2. Here it is seen that most of
the user respondents belonged to the age group of 30-39 years (48%) and 36% respondents
were within the age range of 20-29 years. Among the user respondents 84% belong to the age
range of below 40 years. Therefore, a conclusion can be drawn that comparatively youngers
were interested to use e-agriculture application like krishoker janala.

The figure 3 shows the educational qualification of the user respondents. It is seen that
among the respondents there were no illiterate respondent, 64% respondents had higher
education, 4% respondents had primary education, 24% respondents have secondary
education and 8% respondents had higher secondary education. Therefore, a conclusion can
be drawn that usually educated farmers are interested to use Krishoker janala app.
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Figure 3 Educational qualification of the user respondent in percentage (%)

Problem solving capacity of the users are shown in figure 4.1 and 4.2. Figures reveal that
92% respondents could solve their plants’ problem using krishoker janala app; did not need
help from other and only 8% respondent opined that they needed help from others. These
figures give a clear indication that krishoker janala app had created capacity among the users
to solve the problems of their crops. It is also seen that almost all the respondents (94%) got
timely service by using krishoker janala app. Our observation found many users to solve the
problem of their crops instantly using krishoker janala app at field level. Following review is
the respondent’s comment in this regard:

“It's an agricultural instrument. This is the best agricultural app in Bangladesh | have ever
found. It contains original photo of disease and it prevention. I would like to thanks to the
governing body for this nice app.”’
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Figure 4.1 & 4.2 Problem solving capacity of the users in percentage (%)

The study shows that 95% respondent were in the opinion that time required in getting
service reduced for using krishoker janala app, 91% and 77% respondent thought that cost
and visits required for receiving agricultural services had been reduced by using krishoker
janala app (figure 5). It shows that the app had reduced the time, cost and visit of the users
and it also indicates the increased effectiveness of the app.

The figure 6 shows the type of problems faced by the app users. It is seen that 26.77%
respondents mentioned that content not updated. 12.63% respondents had mentioned the
system is not automated. 17.68% respondents faced problem in detecting pest and disease.
12.63% faced difficulties in using with updated android version (android 8.0 and above),
19.19% and 11.11% respondents mentioned faulty registration system and bigger size of the
app as problem, respectively.

120%
100% 95% 9T
80%
60%
20%

20%

0%

Time reduced in getting Costreduced in getting Lowsier visit required in
service service getting service

Figure 5 Users response regarding reduction of time, cost and number of visit in getting
service in percentage (%)
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Figure 6: Types of problems faced by the users in percentage (%)

Figure 7 shows the recommendations from the users for the advancement of krishoker janala
and to make it more effective to the users. 23.33% respondents have mentioned that the
farmers should make inform about this app they recommended campaign and promotion of
the app, 22.73% respondents have suggested for making available for all platform (e.g. iOS,
windows) to cover more user group, 23.03% respondent suggested incorporating feedback
and sharing option so that user can provide feedback and share the content to the social
media, 19.70% respondent suggested updating information regularly, 9.70% recommended
providing information on production technology and 2.12% of the respondent recommended
automated detection system. For the sake of farmers benefit through using ICT, these
recommendations from farmer should be taken into consideration.

Providing information on production technology | NN ©.70
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Automated detection system [l 2.12
Making available for all platform e.g i0s,windows [ NN 2273
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Figure 7 Recommendations from users of Krishoker janala app in percentage (%)
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Sustainable agriculture and krishoker janala

The innovator of the initiative Malek (2015) reported that Krishoker janala has tried to
ensure environment and public health friendliness through providing content accordingly. He
claimed that some messages were tried to be conveyed to the farmer titled Farmer’s
Behavioral Change Communication (FBCC). Those messages were desired to bring a
positive change in farmers’ behavior encouraging farmers adopt environment and public
health friendly farming practices and gave up environmentally harmful practices.
Consequently, incidence of pest and disease were desired be reduced. Ultimately, the need
for using chemical pesticides were also desired be reduced. Because of this, the risk of
environment and public health were desired to be reduced. Our study found that, the solution
provided in krishoker janala app included information about what to do immediately and
what to do next i.e. a complete package of solutions provided there. The app also has
emphasized biological control of pests. The user guide has provided adequate precautionary
measures for the users. Our study also found that Digital Empowerment Foundation
acknowledged krishoker janala mobile application as Manthan South Asia award runner up
in environment and green energy category for its environment friendly approaches (DEF,
2017).

Conclusion

The study reveals that 84.62%, 11.54% and 3.85% user respondents found kriskoker janala
application as highly effective, moderately effective and less effective, respectively. The
application found to be effective in detecting plant’s problem and it also saved time, cost and
number of visit of farmers in getting agricultural services. The study also found that 92%
respondents could solve their plants’ problem using krishoker janala application; did not
need help from others. These figures give a clear indication that krishoker janala application
had created capacity among the users to solve the problems of their crops. It was also seen
that almost all the respondents (94%) got timely service by using krishoker janala
application. It was an exceptional experience of Bangladesh in the field of image-based plant
disease detection. The study also found that user respondents reported some problems like-
content not updated, the system is not automated, difficulties in using with updated android
version (android 8.0 and above), faulty registration system, bigger size of the app etc. they
also provided some recommendations for further improvement of the application like
campaigning and promotion of the application, making available for all platform (e.g. iOS,
windows) to cover more user group, incorporating feedback system and sharing option so
that user can provide feedback and share the content to the social media, updating
information regularly, providing information on production technology automation of
disease detection system etc.. Recommendations should be taken to action by the policy
maker of the country to make the application more effective to the users. To incorporate
automatic disease detection system IT-industry should be included into collaboration.
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