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Abstract

The paper focuses on the analysis of the applicability of usability and UX methods in the development
of applications intended for use in the agrarian sector. In addition to an overview of methods and approaches
suitable for this purpose, the process of advanced adoption of the UX methods in the development of agrarian
software products is also described. The article also discusses ways to enable partially automated, time-
efficient, and cost-effective solutions for the creation of interfaces for agricultural applications. Possibilities
of future development and technologies related to the usability of products in agriculture are also outlined.
The article thus covers the concept for optimizing the development of agricultural products. The main
contribution is the input analysis for the future development of the agrarian design system. From such
a synthesized system design, it is then possible to create application interfaces that should have seamless
usability and good UX.
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Introduction

User Experience

User Experience (UX) is a phenomenon currently
emerging in connection with any product intended
for consumption and control by users (Hassenzahl
and Tractinsky, 2006). The term UX and its use
does not have a long history, but the true core
of this new scientific discipline dates back
to times when there were no computers, let alone
the sophisticated software products that UX is
currently dealing with (Getto, et al., 2013). Now,
this term is primarily related to the optimization
of application development, specifically their
user interface (Saavedra, et al., 2019). Thanks
to this connection, UX now stands for application
development, which greatly limits the domain of this
industry. At the core, UX deals with everything that
somehow affects users during product interaction,
especially at the emotional level (Kuusinen,
et al., 2012). It does not have to be just a software
product interface. For example, a coffee shop may
also have a good UX where the entire process

from ordering coffee to consumption to exiting
the establishment leaves a pleasant feeling
in the customer (Pauls, 2013). A bad user experience
can be associated with unpleasant and unnecessary
bureaucracy and inconvenient processes when
visiting the office. In a similar way, a user can
take away any user experience, for example
from a software product, whether positive, when
the product does exactly what the user expects
without unnecessary hurdles and intuitively helps
him achieve the goal (Ceccacci and Giraldi,
2016). Or, on the contrary, an application can be
remembered due to its painful logic even years
after its last use. In all these cases we can talk
about user experience. However, in order to be
able to effectively monitor, measure and effectively
apply this information to product development
and subsequent iterations, many specialized
disciplines are required. It is these different
disciplines that are covered by one overarching
term, called UX (Sivaji, et al., 2016).

Basically, UX combines the fields of information
architecture,  psychology, analytics, design,




and testing (Rosenberg, 2018). Variable aspects
of these disciplines are utilized across the UX
process cycle, which has the most general form
of discovery - identifying needs, facts and additional
information, followed by a design process using
various design methods, completing the process
with testing of created designs and validating
hypotheses. This process is repeated in iterations
until an ideal result is obtained as a seamlessly
usable product (Hartson and Pyla, 2012). The UX
process is shown in Figure 1.
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Figurel: UX process.

Usability

One of the building blocks of UX is usability,
which is often confused with UX. However,
the fact remains that usability is only one aspect
of UX (Tullis and Albert, 2013). Usability describes
how well, intuitively the product can be used, while
usability also monitors how the product interaction
side meets the standards and requirements
of disabled users (Finstad, 2010) (Pétrie and Bevan,
2009). The overall rememberability and teachability
of the interface is also strongly influenced
by the overall usability of the product (Rusu, et al.,
2015).

Usability and UX in agriculture

In recent years, the usability of products as well
as the focus of companies on UX has greatly
improved and this trend of adaptation to product
quality and usability has been increasing (Simek,
et al., 2015). The evolution of interest over ten
years is shown in Figure 2. However, agriculture
and agricultural software products, in particular,
are still lagging behind in terms of usability
and quality compared to other specialized products,
mainly due to the lack of acceptance of modern SW
and UX developments the industry (Ranasinghe,
et al., 2019).

In order to satisfy the high interest in UX, it is
necessary to define various methodologies, which
will help to anchor UX and allow for the associated
higher product quality. As already illustrated
in Figure 1, the UX process has many phases, with
a plethora of methods applicable in each phase.
The list below captures the commonly used method
groups including both old and modern methods:

- Questionnaire surveys. The fastest, cheapest,
and the most convenient way to receive
feedback. In the agricultural sector, due
to the geographical size of the user group, this
method is very suitable for the initialization
of development bases (Hinderks, et al., 2019).

- Deep-dive interviews. A method that relies
heavily on psychology. The main task is not
to test but to identify the needs of the user
that are not obvious at first sight (Wilson,
2014).

- Laboratory testing. Specific application
test data is best obtained from laboratory
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Figure 2: Development of UX and usability interest between 2009-2019.




testing. The laboratory alternative is
an adequately equipped PC. From this kind
of testing, data is obtained primarily through
eye movement, eye and click heatmap, user's
facial expressions and different biometric
indicators (Wittenberg, et al., 2019).

- Design Systems. A method of creating Al
that excels in achieving perfect consistency
of the user interface and thus strongly
supports the usability of the whole product
(Churchill, 2019).

Poor product usability in agriculture often results
in confusing information for businesses, inefficient
production, and resource management, and finally,
a strong negative financial impact (Hussein, et al.,
2014). Smaller firms of any kind are also facing
this problem. These problems are greatly reduced
thanks to newly applied methods and procedures
that support UX adaptation and the associated
higher product quality. Moreover, by keeping UX
application costs low and usable, they make them
more accessible and, above all, better graspable
(Kujala, et al., 2011). UX in agriculture currently
works well, for example, with physical controls
and instruments (Trivelli, et al., 2019). However,
agricultural software solutions lack UX. This
is mainly due to the very narrow focus of this
direction, the target user group and the resources
allocated to the development of these products
(Witteveen, et al., 2017). For example, automation
of development processes or open and accessible
libraries containing ready-made components
and proven solutions to problematic aspects
of agricultural system Als can help improve this
situation. One option could be to create an agrarian
design system.

Development possibilities for usability and UX
in agriculture

In addition to conventional applications,
the agricultural sector can also benefit
from virtual and augmented reality technologies.
Cases where an agricultural worker can receive
relevant information in real time through smart
glasses allow for new applications and with them
new challenges in the wusability testing
and development of these solutions (Huuskonen
and Oksanen, 2018).

Prominent areas of augmented reality in agriculture:

- Field monitoring and detection of pests and
insects

- Soil analysis, recommendation of specific
crops for specific parts of the field

- Virtual tours without the use of physical
agricultural equipment

These technologies lead to an ideal usability
scenario. Thus, to an interface that the user is not
even aware of, the interface intuitively transmits
value to it in the form of readily available relevant
information. Testing of these devices relies heavily
on monitoring eye movement and gyroscopic
movement indicators of the user (Barricelli, et al.,
2018).

Materials and methods

The article focuses on the analysis of methods
and procedures in the field of wusing UX
for the development of agrarian sector SW products
and relies heavily on existing long-term research
of the Department of Information Technologies
of the CULS Prague in areas of testing, automation
and creation of usability support systems. The aim
of this article is to identify appropriate methods,
describe the prerequisites for the creation
of a high quality UX product page, and also
to define a methodology that would allow the rapid
and efficient deployment of UX and SW usability
as a common part of agricultural solutions.
Consequently, the agricultural sector could also
reach the level of others in application usability,
and it would be possible to develop application
interfaces in a cost-effective and high-quality
environment in any farm size environment.

The article builds upon the knowledge obtained
from scientific literature and the study
of behavioural patterns of the agrarian user
base. Furthermore, the methods of user needs
determination and rapid verification of hypotheses
were used. The article serves as an introductory
study for the future methodology of creating
an agrarian design system.

The research analysed data from the following
methods and procedures:

- Methods of testing the usability
of applications focusing on agriculture

- Demographic investigation of behaviour
and requirements

- Concept and creation of design systems
Usability testing

As part of the long-term research activity of DIT
in the creation of various agrarian applications,
the target group was presented with various
scenarios and versions of agrarian-oriented portals
with different levels of usability. This means




that users have interacted with portals that have
notoriously poor usability, as well as with portals
that have been rated as very good in the past. During
the interactions and completion of the scenario's
steps, several reaction indicators were recorded:

- Eye tracking
- Heatmaps

- Monitoring of emotions and facial
expressions (worse readability, frowning
etc.)

- Mouse movement
- Heart rate

- Reaction speed

Thanks to this research it was possible to evaluate
the hypotheses of usability in the agrarian sector,
as well as to calibrate the methods used and to
modify them to suit the sector.

Concept and creation of design systems

Knowledge of the specifics of agrarian sector
users together with the described procedures can
be used to develop a design system that, thanks
to proven concepts, allows to create Ul of agrarian
software products without the need for dedicated
research and design teams. With the future
potential of automated front-end page compositions
and rough sketch coding, the components of the final
system design can be built into an interactive
and immediately usable part of the product. This

possibility of designing a system and its application
within the model interface of a generic application
is also examined in this article.

Demographic investigation of behaviour

and requirements

In order to effectively evaluate and prepare
a quality usability page, it is crucial to know the
basic structure of the target user group. Selected
statistics and demographic indicators were
analysed. It is well known that older populations
approach software products differently and have
specific requirements.

Results and discussion

Ensuring usability standards

In the case of applications for the agrarian sector,
the target group of users is primarily agricultural
workers. In order to get a basic overview,
a demographic map can be used to identify
which kinds of users need to focus primarily
on in the next stages. Figure 3 shows
the  demographics of  agrarian  workers
with an outline of development in time.

Men over the age of 50 have the largest
representation in the target group. This finding
lays the foundations for the next phase, which
is identifying the specifics and patterns of this
group. The specific requirements of older users
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Figure 3: Distribution of workers in agriculture based on age and gender.




in terms of application usability are the contrast
of interface elements, the size and readability
of the -elements, the clarity of actions,
and compatibility with web usability assistants.
The availability and knowledge of technologies is
also specific within this user group. Most of these
users use technology primarily for office purposes
and advanced information technology knowledge
is average to below average (Vanék, et al., 2016).
Moreover, the places where these users are located
often have a worse and slower Internet connection,
which must be considered when optimizing
applications while adapting remote testing
capabilities (Vangk, et al., 2009).

Evaluation of methods suitable for agriculture

All the above requirements must be considered
when designing the UX testing procedure and then
selecting the method for product creation. Table 1
shows a list of selected research methods suitable
fortesting the needs of users of agrarian applications,

including the degree of their acceptance
and the benefits of the findings.

Method of aicee‘;aetlance 01?:::3;
Questionnaire Surveys 90% 6/10
Remote usability testing 70% 8/10
Deepdive interviews 55% 7/10
Laboratory usability testing 35% 9/10

Source: Authors

Table 1: Selected UX research methods for agriculture.

The first column of Table 1 contains selected
methods that were evaluated as the most suitable
and are further evaluated against each other.
The second column of the table describes
the acceptance rate of the individual methods,
i.e. how many surveyed users are willing
to undertake research using this method. The last
column with the benefit values declares a score
indicating how much the results obtained
by the method are beneficial for design, iteration,
and overall development with respect to the time
costs associated with the method.

Questionnaire surveys

Among the users the most accepted method
of information discovery. Thanks to its low
time-consumption and resources required, this
method suited all users. Since there is no need
for a powerful device, fast internet or physical
presence, 90% of the addressed users participated
in this research. The benefit of this method
was mainly to identify surface needs, problems
and specifics from situations associated with the use

of agrarian applications. The knowledge obtained
served as a basic building block for the next phases
of research.

Remote usability testing

A method that made it possible to collect very
important information through specific scenarios
and application interactions. Because the method is
based on two-way video transmission, the demands
on the Internet connection and the performance
of the device was higher than the questionnaire.
The average time consumption per user in this case
was 30-40 minutes, which is a noticeable difference
compared to 5 minutes for the questionnaire.
For this reason, only 70% of the addressed users
were willing to undergo this testing method.
The benefits were very high, as users were able
to comment on their feelings and frustrations
in interaction as they went through specific
situations. In addition to the classic scenario,
a 5-second test, a first-click test and a blank test
were also included in this kind of testing.

Deep-dive interviews

Usability testing was complemented by deep-dive
interviews that helped identify the inner
motivations of this user group and other hidden
contexts and problems related to interactions within
the agrarian sector. Like remote usability testing,
this method was more time-consuming, and it could
be annoying to certain users due to more detailed
questions. Nevertheless, thanks to 55% attendance,
this method brought very valuable insights
into the daily routines and problems of the agrarian
target group.

Laboratory usability testing

The least accepted but most beneficial method.
Because this method requires the physical
presence of the user in a special laboratory and
the time-consuming logistics of getting multiple
users involved, the willingness to undergo this
method is only 35%. KIT research shows that this
is significantly lower than other groups (such
as office workers). The benefit of this testing was
by far the biggest, because the special technique was
used to capture detailed properties of interactions
compared to remote testing. This included eye
movement, positioning and visual elements through
nonverbal reactions.

Based on these values, it was possible to determine
which elements and in what form best suited
to users in different scenarios. The testing also
revealed the expected composition of generic
information structures, interactions, and the overall
nature of interface semantics. All this information is




by default used to design the application interface
and iterate to reach the final form. However,
in order to facilitate and accelerate the creation
of agrarian applications, it might also be necessary
to create an agricultural design system that will
ensure the required level of usability.

Concept of possible design system solution

One of the main parts of the design system are
UI components, which are enriched in the design
system by other aspects such as recommendations
for use and taxonomy, colour combinations,
behaviour and more. The architecture of the system
design is shown in Figure 4.

The proposed UX agrarian design system has
the following structure:

- Visual layer. Basic description of typography,
recommended contrasts, offset, colour
combinations and their place of usage. This
site is variable to be easily customizable
for the brand and needs of individual entities.

- Component Library. It contains finished
interface elements in both visual and code
form. These include tables, navigation bars,
tabs, buttons, and more. These elements
can be used to create the structure of any
application and visualize the architecture
depending on given brand.

- Additional rules. For example, taxonomy
and other information about when and where
it is appropriate to use what elements. What
to avoid and in which cases to give preference
to a certain component.

All this information in the created system is based

RULES TAXONOMIES

ARCHITECTURE

onuserresearch and together they forma harmonious
tool for creating usable agrarian applications.

Composition of model application using Design
system

From the synthesized design of the system
it is possible to create the user interface
of the application, which should have smooth
usability. Since in addition to the components,
the system also includes location recommendations
and ways of using individual elements, initial user
research is not necessary. To illustrate efficiency,
a second version of the application was created
using a standard process. The new version uses
the generic design system. Figure 5 shows
a comparison of the time required for each stage
of development using a standard procedure
and development using a proposed agrarian design
system.
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Figure 5: Time resources by development phases.
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design is based on the lessons learned from verifying
usability hypotheses, there is no need to spend any
time in the phases associated with testing and initial
conception. Thanks to the finished components,
the implementation phases of the design system
process are also significantly shorter. In this
case, the most demanding is the composition
of the interface and the coding of the additional
functions. Subsequent adjustments such as interface
colouring are very fast due to usage of variables.
In the traditional procedure, the components must
first be drawn and coded from scratch. Creating
a model interface using a design system took
less than 8 hours, while the traditional process
took almost 60 hours. The application of this
procedure can therefore, thanks to its low resource
requirements, help to develop more and better
usable applications for the agrarian sector.

Conclusion

Research has shown that the most suitable methods
for testing UX and usability in the agrarian sector
are questionnaire survey, remote usability testing,
deep-dive interviews, and laboratory usability
testing. Using these methods, it is possible not
only to create good quality agrarian applications,
but also to build the foundations of an agrarian
design system, which in the future has the potential
to elevate the development of these applications
to a higher level. Mainly thanks to the potential
of system design based on the usability standards
of the agrarian sector, it is possible to create user
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interfaces with very good UX very effectively.
The strong point is that this system can be used
by anyone without the necessary expertise
in the field of usability and UX. The combination
of time efficiency, ease of grasping,
and the foundations of proven hypotheses make
this tool a force that has the potential to stir
the applicability of agrarian sector applications
in the right direction.

The potential future combination of this
agrarian design system together with the
automated composition of Ul interfaces could be
a breakthrough in creating not only interfaces
of agrarian applications. The detailed impact
on the perceived quality of usability of the interfaces
created this way, together with the economic
implications in more complex scenarios, will be
the subject of future research. The main benefit
should be to simplify the creation of agrarian
applications in any environment while achieving
high usability and quality.
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