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Abstract

The use of cattle disease diagnosis expert systems has the ability to improve the cattle
production as they would help in disease control. Particularly if the system is usable,

that is, if it is efficient, effective, satisfying and requiires less effort to use.

Cattle disease diagnosis expert systems have been adopted in recent years in the cattle
production industry particularly in Asian countries like China. However the usability of
these systems still remains a challenge. There is limited or no empirical research that
investigates comparison of usability of a text and non-immersive virtual reality-based

(multimedia) cattle disease. diagnosis expert system.

This study seeks to bridge this knowledge gap by conducting a quasi-experiment
research which evaluates the usability of a text and a non-immersive virtual reality-
based (VR) cattle disease diagnosis expert system. Software Usability Measurement.
Inventory (SUMI) was.used to gain insight in user satisfaction. Video-recotding software
(Morae TechSmith) was used to measure task efficiency and effectiveness. A self-
reporting ratings using NASA Task l.oad Index (NASA-TLX scale) was used to gain an
insight of mental effort (Cognitive workload) invested by users when performing a task.
Sixty-four participants, consisting of aspiring, subsistence and commercial cattle farmers
within the Palapye (Botswana) veterinary district, took part in the study. They were
divided i‘n two groups of 32, one group using a text-based expert system -and other
group using a VR-based expert system.

The results indicated that VR-based expert system is better than a text based expert
system in terms of effectiveness, efficiency and user satisfaction. Moreover users using
a text based expert exerted less mental effort (work load) than those using the VR-
based system. The overall differences indicated that VR-based ES was 75% better than
the Text based system which only scored 25%. Results acquired from this study imply
that software developers should develop VR-based cattle diseases dia_gnos"is expert

system that is usable for cattle farmers.
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CHAPTER 1

Introduction

1.1 Introduction of the Research

An expert system is a knowledge-based information system that uses its knowledge
about a specific area to act as an expert consuitant to users [1]. An expert system is
usually used for advising a rion-expert when & human expert is not available, in our
case a farmer is advised by an expert system in the absence of a veterinarian. An
expert system has three components which include user interface, inference engine

and the knowledgebase [2].

Userinterface: - This is the component which aliows end users who are non-expert to
communicate with the expert systems by sendirig questions, the advices are then
received through the same user intefface. Our study is focused on this component of
the expert system, comparing text and VR-based interfaces to check which of the
interfaces is useable. Establishing which interface is effective, efficient, satisfying and
uses less mental effort. If the expert system is not usable it will defy the purpose of

the expert system.

Inference engine: - This is where the. questions (queries) that are sent by the non-
expert are gxamined and matched with infermation provided by the human expert in

‘the knowledgebase as indicated in the Figure1.1.1 below:

Knowledgebase: - Facts and rules derived from the information provided by the

human expert are collected here.



Knowledge

Non-expert A R S e damab bRl L EL LS L . from an expert

user . Expert System
s |  — -

Inference — Knowledge |
Engine Base |

l
i
|

| User Interface |

Query

AL R Y R R R R R E R R RS s EESTITTTY.

Figure 1.1.1: Expert System [2]

Artificial intelligence technology is growing at a rapid pace and it is being applied to a

wide spectrum of practical problems including cattle disease diagnosis [3].

On the other hand, virtual reality incorporates animated 3D models for identifying
symptoms and infections. Virtual reality is defined as “ an artificial environment that is
created with software and presented to the user in such a way that the user
suspends belief and accepts it as a real environment” [4]. On a computer, virtual
reality is primarily experienced through two of the five senses; sight and sound.
When most people think of virtual reality, they often think of full emersion where by
people wear head gears that display full visual and special gloves which will allow the
user to use almost all the six degrees of input and manipulate the environment. On
the contrary there is also another form virtual reality known as non-immersive which
is cheaper compared to immersive virtual reality which uses expensive equipment
such as head mounted displays, data gloves, motion trackers, domes, and 3D
controllers. Non-immersive virtual reality environment is manipulated by using a

monitor keyboard and a mouse [5]. This study uses non-immersive virtual reality.
Usability of non- immersive virtual reality based diagnosis expert systems has not

been investigated in contrast to text based diagnosis expert systems. Most of the

studies conducted focused on comparing text based expert systems and multimedia

15



based systems that use images and videos. The main focus of the study is on the

four aspects of usability which includes:

» Efficiency: This is how the user feels about systems responds when tasks are
performed through it which includes aspects such as time taken to complete a
task, resources used to complete the task by means of the systems
performance [8)], [7].

e Effectiveness: is defined as the accuracy and completeness with which users
achieve specified goals [7].

s Satisfaction: “User satisfaction refers to the user's comfort and acceptability of
a computer application during the consumption of the content and the

interaction with the system” [8].

Cognitive Workioad: is defined as the total amount of mental effort and mental load
that a particular task impose. on the human's cognitive system at an instance in time

[9] .

In developing a software application, user acceptance of that particular application is
very essential hence the application has to be usable. The first thing that needs to be
considered is the nature of the interface: of the application and its correctness in order
to get the expected outpit. Ignorance of these aspécts can lead to an application
being of poor quality hence making it meaningless to its users. As a result an
application, prior to its release to its intended users, needs to be assessed and
evaluated. The methods used to evaluate usability in this study include video based
observation using Mortae recorder usability evaluation platform developed by
TechSmith to evaluate effectiveness and efficiency. Software Usability Measurement
Inventory (SUMI) method for evaluating satisfaction and the NASA Task load Index
(TLX) scale was used to evaluate the mental effort invested by farmers while using
the two expert system [10], [11], [12], [13].



If a usable cattle diseases diagnosis expert system is used, it could help farmers in
remote areas to diagnose their cattle diseases on their own. if there is a need to
consult a veterinarian (for instance, if the system does not recognize the disorder and
there might be a new outbreak) the system will advise the user on what to do before
consulting a veterinarian. Farimers can also to learty about common cattie diseases in

their areas.

1.2 Overview of Cattle Farming in Botswana

Most Batswana own cattle for economic purposes. Furthermore, the cattle farming
represents the third largest income of Botswana's economy -after diamonds and
tourism contributing significantly to the GDP [14]. In 2013, the beef exporied by
Botswana was worth US$116.6 million contributirig a major share to the econorriy
[15]. As cattle farming is a major contributor to the economy, there ‘are some factors
which negatively affect this sector such as diseases. This increased the demand on
animal health services such as disease diagnosis, getting advice on different cattle

diseases and learning about different cattle diseases [1 8], [18].

In recent years there has been a major decline in Botswana's. beef industry which is
due to shortage of veterinary physicians (V.E.T.8). Botswana currently has only 55
V.E.T.S who are responsible for a cattle population of over two million cattle. To
service such a large population cattle requires at least 130 veterinarians. This means
75 more veterinary officers are needed [17]. When giving advice to the Parliamentary
Special Select , which was responsible for handling the decline in Botswana's beef
industry, Dr Mapitse [17] indicated that the number of supporting staff should be
reduced from 759 to 416 in order to create vacancies for veterinary officers [17].
Expert systems could be used to overcome the problem mention above. An experi
system is “an automated reasoning system that attempts to mimic the performance of
the human expert " [18]. This type of expert systems is the one which this research

study is focused on.
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1.3 Cattle Diseases Management Systems

There are very few cattle diseases management systems in Botswana which are
used to disseminate information, for instance Modisar which is a livestock
management application deveioped by Modisar Net [19]. According to the developers
of Modisar, the main reason why they developed this systemi was to tackle the
challenges faced by farmers on their relentless effort to feed the nation. These
problems included drought which occurs almost every year, outbreaks of parasite.
and diseases, lack of proper managemerit tools and unavailability of impertant
information on farm management. Modisar farm management has an animal health
management system consolidate_d in it which only gives farmers. health advice [19].
Modisar animal health management system cannot be used to diagnose cattle , itjust
gives a generic advice on some cé_ttl’e disease, this has resufted in farmers having to
rely on veterinary officers, as we have seen that the ratio of veterinary officers to

cattle population is very low [15].

[n"summary, there is evidence that an expert system which could be used on behalf
of the vetetinary officers is needed. Firstly, it evidently showed that there is a
tremendous shortage of veterinary officers in Botswana's beef industry. Therefore,
there is a need for an intervention, and one way to mitigate this problem is by
introducing an expert system which would mimic the performance of veterinary
officers. Secondly, the existing systems like Modisar, offers generic advice on some
cattle diseases and do not educate cattle farmers step by step on what to do prior to
taking the animal to a veterinary officer. For the reasons mentioned here there is a
need to innovatively come up with a usable, effective and efficient .cattle diagnosis

system.

To address the challenges of limited platforms ‘which Batswana cattle farmers can
use fo diagnose catile diseases and advise them on what to do when they encounter
those diseases, two expert systems were developed. These: two expert systems
performed the same tasks which included “Task 1: Starting up the systems, Task 2

Selecting components from menu, Task 3: Choosing the signs and symptoms, Task



4: Getting a’dvi_ce and lastly Task 5: Exiting and saving results”. The only differences
they had was interfaces which were a text based and non-immersive virtual reality
based. A comprehensive comparison of the usability of these two expert systems
was. conducted so as to defermine which one would be suitable within the context of
the Botswana environment. According to Carroli [20] the focus of the development
process of systems in the twentieth century is user-centred and usability is taken as.a
primary goal. Baven [21], [22] states that usability as “the extent to which a product
can be used by specified users to achieve specified goals with effectiveness,
efficiency and satisfaction in a specified context of use” .The study was focused on
the evaluation of the three components of usability which includes effectiveness,
efficiency and satisfaction and the exira component which is the cognitive work load
experienced by farmers when using both systems. The evaluation results collected

from the two systems were compared.

1.4 Diagnosis Expert Systems in Agriculture

There has been a number of diagnosis expert systems developed in recent years all
with different ‘interfaces both traditional (text) and multimedia based. Even though
most of these expert systenis were not necessarily for diagnosing cattle diseases
they used the same concepts as the two systems being évaluated and they were
used in agriculture. The following are some of the agricultural diagnosis expert
systems that were reviewed: CUPTEX, Wheat, Pig-Vet and AMRAPALIKA.

Expert systems such as CUPTEX which is text based and developed with Prolog was:
used for cucumber production management under plastic tunnel [23]. This expert
system was developed by the Egyptian Ministry of Agriculture (MOA). Domain
experts were given the prototype of the system to test and their results revealed that

the system was usable. End users were frained to use the shell based interface.
‘Wheat is a Web-based Expert System for Diagnosis of Diseases and Pests in
Pakistani, the interface of these expert systems is multimedia based in which signs

and symptoms of plant diseases are shown with images with a description of what
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the plat may be suffering from. The users of this expert system indicated that it is
easy to use [24].

Pig-vet is a web-based system developed by an Agricultural University in China.
Before rolling the system out, it was first piloted in north of China [25]. The system
had about 202 images and graphics for different types of diseases and symptoms
which means a muitimedia intérface was used in the system. It also gave: users an
option to use a text only interface if they wanted to. This expert system was usable

according to what the results show.

AMRAPALIKA just like other expert systems mentioned above, this expert system
also use image as their multimedia tool for showing symptoms and infections.  This
expert system is' used for the diagnosis of pests, diseases, disorders in Indian mango
[26].

This literature réview was conducted to provide a foundation of the research study
carried out on usability testing of the two expert systems being compared. The review
of the literature is categorized into five sections. Firstly, the literature will look at
usability testing of software applications. Secondly, the methods used to 'compare'-the
systems. Thirdly, the cognitive theory of multimedia learning is discussed which is
essential for the effort exerted by users when using a particular system. Fourthly, the
literature will look at a usability testing of desktop application particularly agricuttural
expert systems for diseases diagnosis. Lastly on the fifth section, the literature is
looking at an overview of existing diseases diagnosis expert systems both text. and
virtual reality (multimedia) based. With the literature review some gaps where

identified which drove this study.

The reviewed Literature ‘was collected from different sources such as the educational

scholar reports, journal publications and web pages.



1.5 Problem Statement

Despite an increased interest in usability testing of software applications, so little
empirical researches has been conducted on this area of study. There is lack of
empirical research conducted which compares the usability of non- immersive virtual
reality and text based diagnosis expert systems for cattle diseases in Botswana [27].
Furthermore, the reviewed literature has indicated that cognitive workload which is
often overlooked is a very important aspect of usability [28], [29].

The problem that this study addresses is that usability of non- immersive virtual
reality based diagnosis expert systems has not been investigated in contrast to text
based diagnosis expert systems [27], [28], [29].

This is a clear sign that there is a need to intervene and help the farmers. So with
these deficiencies the researcher found it keen to conduct a study on comparison. of

the two expert systems.

1.6  Main Objective

The main objective of this study is to compare the usability of hon-immersive virtual
reality and text based diagnosis expert systems for cattle diseases looking at the
effectiveness, efficiency, satisfaction and cognitive workload experienced by farmers
when using the system, and then recommends a usable expert system for

developers,

1.8.1 Specific Objectives

1 To compare the task efficiency of the text-based and non-immersive virtual realit_y
based diagnosis expert systems.

2 To compare the task effectives of the text:based and non-immersive virtual reality
based diagnosis expert systems.
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3 To compare the usér satisfaction of the text-based and non-immersive virtual
reality based diagnosis expert system.

4 To compare the cognitive workload exerted by farmers using the text-based and
non-immersive virtual reality based diagnosis expert systems

5 Torecommend a useable cattle diseases diagnosis expert system for software
developers.

1.7 Research Questions

1 What are the differences of efficiently completing the tasks between farmers
using the text and multimedia based diagnosis expert systems?

2 What are the differences of effectively completing tasks between farmers using
text- and multimedia based diagnosis expert system?

3 What are the differences in user satisfaction between farmers using text and
multimedia based diagnosis expert system?

4 Whatare the differences of cognitive workload experienced by farmiers using
text and multimedia based diagnosis expert systems?

1.8 Hypothesis

All the four research questions above have hypotheses that need to be tested. These
hypotheses were used to measure the human computer interaction components
which were efficiency, effectiveness and satisfaction. The other hypotheses was
used to measure different cognitive workload experienced between users when using
a traditional text-based cattle diagnostic expert and a multimedia based expert

system.
1. H1: The text and non<immersive VR-based expert systems will have a. significant

difference in task efficiency in terms of time taken to complete the task and mouse

clicks.
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2. HZ2: The text and non-immersive VR-hased expert systems will have a significant
difference in task effectiveness in terms of numbeis of errors. made, task

cofripleted with difficulty, task completed with ease.

3. H3: The text and non-immersive VR-based expert systems will have a significant
difference in user satisfaction in terms helpfulness, system control, affect and

efficient.

4. H4: The text and non-immersive VR-based expert systems will have a significant

difference in uset cognitive workload in terms of metal effort invested by the users.
1.9 Expected Oufcome

At the end of this research, a usable veterinary medical diagnostic expert systemn
‘which will assists with self-diagnosis and learning of cattle diseases by farmers prior
to. official laboratory tests would be identified. Then a recommendation to software

developers will be done from either the VR or the text based system.

1.10 Justification of the Research

Currently there are limited studies conducted on usability evaluation of diagnostic
tools in Botswana which cattle farmers can use to remotely diagnose their cattle or to
advise themselves on what to do as a first response in case of an outbreak. In a
meeting held by young farmets association at Ministry of Agriculture on September
20 2014, Mapitse [17] stated that veterinarians charge within a range of P 500 o P
700 per hour which is too high for subsistent farmers, and the government field
agents are not enough to serve all the farmer s hence they take a long time to

respond.

According to James [30] an interface for diaghosing expert systems integrated with
‘multimedia showing symptoms and infections with images, is more advantageous

and much easier to understand than when using textual description, which ‘is the

| ]
(W3]



case with most of the expert systems develoged so far. This would be much easier to
understand when using virtual reality as the farmers would be able to manipulate the
animated 3D avatars and confirm that indeed those are the symptoms they are
seeing on their cattle. The virtual reality Animated 3D avatars simulations are also
able to mimic the sound made by a sick animal, that is why this research study is
integrating virtual reality into the expert system. A high level of presence is achieved
by using VR simulation and with that farmers make the right decisions when

diagnosing their cattle.

1.11 Research Delimitation

This research is mainly focusing on the comparison of an integrated rule based
interactive expert system for diagnosing cattle diseases with virtual reality for better
or easier way of identifying signs and symptoms with a traditional text based expert.
Data collection will be-done in Palapye and surrounding areas including Tuli block
due o una‘va_i'la_bility of funds. According to Cheon and Grant [31] the design of
interfaces cannot be separated from usability testing which although an established
field of study lacks universally: accepted benchmarks, standards, and best cases.
There are no usability laboratory in BIUST which gives us a limitation on the kind of
experiments to be. carried out thus meaning the one that are complex could not be
carried out . This research is a proof of concept which means it is a realization of a
certain method or idea to demonstrate its feasibility, or a demonstration in principle,
whose purpose is to verify that some concept or theory has the potential of being

used.

1.12 Contribution

As of today, there has been vety little detailed empirical research conducted which
compares the usability of non-immersive virtual reality and {exi-based cattie diseases
diagnosis expert systems. After reviewing the literature it was found that most of the
studies conducted were focused on expert systems: for diseases diagnosis in
agriculture both plants and animals but not comparing their usability. So this study

seeks to address this knowledge gap.



1.13. Thesis Structure
Chapter 1: Introduction

This section introduces the. problem that this study is addressing and it gives the
reader a direction on the focuses of this study. It leads the reader to the main
objective, specific objective, research questions and the hypothesis and the

contribution of this study.
Chapter 2: The literature review

On this section the reader is given an insight of what the study is addressing through
literature review taken from various sources such a journal articles, conference
proceeding papers, books and dissertations conducting similar studies on usability
evaluation and its measures and cognitive theory of multimedia learning and well

modality principle.
Chapter 3: Method

On this chapter the methods used to carry out the experiments of this study are
described. ft highlight on the tools and the concepts which were used in order to get
the necessary results of this study. It also covers the data methods used in this

study.
Chapter 4: Results presentation

This chapter presents the acquired findings from the experiments of this study, to

answer the research question and the hypothesis.
Chapter 5: Discussion and Conclusion

The resuits: of this study are analysed on this part of the thesis. What has been
deduced from chapter 4 is explained here. This part also covers the results
implications, what has- been learned from the results, do the findings agree with
previous research, their strengths and weaknesses and the diréctions for the fuiure
research. Lastly, the chapter summarises by explaining what conclusions can be

drawn from the findings.
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CHAPTER 2

Literature review

21  Introduction

For a better Understandi”ng of the issues that surrounds the current study, a thorough
review of the literature was conducted. The literature review conducted relates the
issue at hand, which compares the usability of non-immersive virtual reality and text
based diagnosis expert systems for cattle diseases in the context of effectiveness,
efficiency, satisfaction and cognitive workload exerted by farmers when using the
system. Furthermore, the gaps identified in the previous literature that motivates this

study are alleviated to explore usability aspects of the compared expert systems.

This chapter has three sub sections. The first subsection section 2.2 gives a brief
discussion on how the usability of different applications can be tested. The second
subsection-entails the methods used to compare the usability of the systems, and the
measures of effectiveness, éfficiency and user satisfaction. The third subsection is a
brief discussion of cognitive theory of multimedia learning which' provides the basis

for understanding cognitive workload or mental effort.

2.2 Usability Testing of Applications

According to [32], [12], to reliably measure overall usability one should assess
effectiveness, efficiency and satisfaction with which the representative users will
carry out different tasks.in different environments. Furthermare, for one to be able to
measure usability they need a deep u_nd'erSta’hdi'ng of the context in which the
product is going to be used. For instance one need to understand how farmers
diagnose their cattle for different diseases when using cattle diseases diaghosis
expert systems both virtual reality (multimedia) and text based. With the help of the.
tools developed by the ESPRIT MUSIC project the research was able to measure
usability both in the field and in the small usability lab that was setup using. Morae

recorder, observer and manager.
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According to Bevan and Macleod [32], {33] they consider usability to be a quality of
use in a context. Moreover they also take usability as a property of an overall system.
In our case quality of use is measured as the outcome of interaction within a context.
It also considers the extent to which the intended goal of use of the overall systems is
achieved which covers effectiveness. [t also considers the resources invested to
achieve a :specific task such as time and money which covers efficiency.
Furthermore, they looked at the degree at which the user finds the overall systemn
good enough or the comfort and acceptability of use which covers satisfaction. Bevan
and Macleod also state that equipment, tasks, users both physical and organizational
environment that indirectly and directly influence the interaction make up the overall
system. The I1SO 9241-11 (ISO 1993c) standard define usabilty as “The
affectiveness, efficiency and satisfaction with which specified users achieve specified

goals in particular environment” as shown in figure 1. [34}, [21], [35].
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Context of use components

Quality of use

Figure 2.2.1: Usability Factors [34]

2.3 Methods for Comparing the Systems

According to Bevan and Miles [32] for one to say a product is of good quality it should
consist of suitable measures of user performance which include effectiveness,
efficiency and user satisfaction. Due to the fact that the components of usability
usually are dependent on the context of use as well the purposes for describing
usability there are no set principles on how the combination of measures should be
like. So we need to provide a measure for all the components of quality of use. The

measures should be repeated in different context [32].
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Using MUSic Performance Measurement Method to measure the usability of a
product results of the group of users that has same or related characteristics are
usually added together to provide a mean usability measures [32]. Bevan and Miles
[32] indicated that even when using 10 users when there is a major difference in' the:

characteristics of users and there will be a lager variance related to the mean values.

2.3.1 Measures of Effectiveness

Measures. of effectiveness are described as the goals or sub-goals of using the
system to the accuracy and compieteness with which these goals can be achieved
[32]. The components of effectiveness are measured by the quality of the solution
given by the systems to users. The effectiveness of the expert system was measured
by the number of sub-tasks completely resolved and the number of errors made by

the user.

2.3.2 Measures of Efficiency

Bevan and Miles [32] argues that measures of efficiency are usually linked to the
level of -achievements accomplished in effectiveness, particularly looking at the
expenses of the resources used. The resources in our-case referring to mental effort
that could be used to provide the measures of an individual's efficiency, time that-can

be used to give the measure of temporal efficiency [32].

Looking at the users of the two expert systems text-based and multimedia based, the
time 't'hey take to complete a specific task is measured, and the effort and the
resources needed for completing a specific task is also measured. The resources

create two different definitions of efficiency as shown in figure 3 below.
From a user's. perspective, the time he or she spends carrying out the task, or the

effort required to complete the task are the resources he or she consumes. These

two types of resources produce two different definitions of efficiency:
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Temporal Efficiency = Effectiveness
Task Time

Human Efficiency = Effectiveness
Effort

Figure 2.2: Efficiency [32]

2.3.2.1 User Temporal Efficiency
The performance measurement method, of the temporal efficiency of a user

according to Bevan and Miles [32] is defined as:

User Efficiency = Effectiveness

Task time

Figure 2.3: User Temporal Efficiency [32]

Efficiency is said to be measured in different context, the values compared were of a
great meaning, in our case two cattle diagnosing expert systems, also used as a
learning tool were compared. These expert systems were used by the same user

group which are farmers in the same environment.

2.3.3 Measuring User Satisfaction

According to Bevan and Miles [32] measures of satisfaction describe the perceived
usability of the overall system by its users and the acceptability to the system to the
people who use it and to other people affected by its use Measures of satisfaction

could be directed to some specific modules in the systems or the entire system.

User satisfaction of the systems was measured using the attitude scale known as
Software Usability Measurement Inventory (SUMI) which is a questionnaire with 50
questions which are answered through either “agree”, “disagree” or “Undecided” as
shown in (Appendix 3). Measures of satisfaction provided very useful indication of the
user's perception towards the usability of the system. SUMI can be used in to

evaluate any system as long it has user inputs through the keyboard, pointing device
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display screen and secondary memory [36], [37]. SUMI gives a global usability figure
along with five subscales which includes efficiency, affect, helpfulness, control and

learnabilify.

2.4 The Cognitive Theory of Multimedia L.earning _

On this sub-section the researcher reviewed the constructs of the cognitive theory of
multimedia learning so as to clarify and show its significant contribution on this thesis:
The. research- is based on a comparison of two interfaces one with multimedia
components. (virtual reality) and the other one is just a traditional text based interface.
So it is very important to lay out a foundation of cognitive theory of multimedia
learning and its theoretical context in which users (farmers) can be investigated in the
amount of mental effort they invest when using the expert systems. According to
Mayer [38], [39], [40] this theory is addressing the issue of how to structure
multimedia instructional practice and use effectively the cognitive strategies in order
to assist people to learn more effectively. The first part of this stib-section will cover
an overview of cognitive. workload or mental effort. Moreover, this sub-section
continues to articulate the research question used in collection and the analysis of
data. Lastly, t_h_i.s sub-section discusses how data for this research is analysed using

cognitive theory-of multimedia learning as an analytical construct.

2.41 Human Information Processing

There are quite a number of studies that has been conducted on cognitive structures
which forms part of human information processing [40]. The cognitive structures
which these studies were focused in included the sensory memory, working memaory
and fong-term memory and for the cognitive: theory of multimedia learning which the
study is focusing on has the third structure added which is multimedia presentation.
The sensory memory is responsible for holding a copy of whatever is being
presented for less than 25 seconds, and also used in presering incoming
information which could be either visual or auditory information. The working memory
is. used for selecting the information for being processed and integrated from the

sensory memory {40], [9]. The long term memory is the one that stores the whole
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knowledge and skill of a person for unspecified period of time in a hierarchical

manner and its volume or size is unlimited as shown in the figure below.

Cognitive theory of multimedia learning
MULTIML DA SENSORY MLMORY WORIING MIMORY LONG TERM
Verbal
| | =
e \ a .
.\.' . krowledpe

Figure 2.4: Mayer’s Cognitive Theory of Multimedia Learning [40]

Mayer states that the cognitive theory of multimedia learning (CTML) is based upon
three science principles of learning which includes the human information processing
system consists of dual channel, limited capability assumption and active processing
[40].

Mayer [40] argues that people learn deeply from words and pictures than from words
alone, but he insists that adding pictures to words is not a guarantee that there will be
an improvement because multimedia presentations are not equally effective, for
instance images (static graphics) cannot be more effective than animations (dynamic
graphics) because animations display more features such as movement and facial

expression [40].
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According to Mayer [38] learning can be measured by the test of retention such as
being able to remember what you have learned, and it can also be measured by the
ability to use new information to solve new emerging problems. The focus of this
study is on transfer because the investigation is how using virtual reality and words
instead of words only can promote understanding [39]. Mayer continues to argue that
transfer test can be used io give us an insight of how well people understand what
they have learnt [41]. We are also looking at the cognitive process which the farmers
use to build meaningful learning outcomes from text and animated characters other

than when using text only.

The cognitive theory of multimedia learning consists of the following elements that
are as follows; firstly the three assumptions of cognitive theory of multimedia
learning, secondly the three memory stores, thirdly the five cognitive process and the

forth element is the five forms of representation in theory.

2.4.2 Three Assumptions of Cognitive Theory of Multimedia Learning
Mayer explores three assumptions which are essential to the cognitive theory of
multimedia learning which includes dual channel assumption, limited capacity

assumption and active processing assumption.

2.4.21 Dual Channel Assumption

This- assumption is that human beings process information using two different
channels which are audio (verbal) or virtual (pictorial) represented materials [41]. The
differences between these channels are conceptualized by two ways which are
based on presentation modes which mainly focuses on whether the-stimulus is verbal
(words being spoken or written) or nori-verbal (animations pictures or video) and in
contrast sensory modalities focuses on whether the presented materials is processed
by ears (spoken words, sounds on the background) or through the eyes (animations,
pictures or presented words). Novice farmers are able to devote adequate cognitive

resources to the task being performed, it is possible for information originally



presented to one channel to alsc be presented in the other channel hence increasing

a chance of user to understand the presented materiais much easier [40].

2.4.2.2 Limited Capacity Assumption

This assumption argues that pecple have a limitation in the amount of information
they can process in a single channel at a time. Most researches according to Mayer
has shown human processing capacity is very limited. Meta cognitive strategies
which are the techniques for allocating, monitoring, coordinating and adjusting the
limited resources, helps in understanding human intelligence [42]. These techniques.

could help governing the novice users not to exceed their limited memory capacity.

2.4.23 Active Processing Assumption

With this assumption the humans are engaged in active tearning by giving attention
to the incoming information which is relevant, then by organizing that incoming
information inte a coherent mental representation then that mental representations
will be integrated with other knowledge [42]. Active learning involves threé main
processes which are selecting the relevant material, then organizing the selected
materials and lastly getting the selected materials and integrating them with existing
materials [42]. Hence this would allow the farmers fo actively learn about different
diseases of their choice in a proper and more effective way without actually

exceeding their cognitive capacity.

2.4.3 The Three Cognitive Processes

Mayer [39], [43] has also indicated ‘that when learning and considering cognitive
theory of Multimedia learning there are three types of cognitive processes which
includes extraneous, generative and essential. The processes are discussed in -detail

in the section below.



2.4.31 Extraneous Cognitive Procéssing

According to Ginns [43] instructional messages are usually presented by multimedia
by different educators. These educators habitually neglect some cognitive structures
and processes when designing the multimedia presentations hence these leads the
instructional messages not clearly understood and thus resuits in learners learning a

little: or nothing from that multimedia presentation [43].

When the leaning materials do not consider the maximum limit or the capacity of the
working memory then extraneous cognitive leaning process occurs, this is usually
cause by a poor design of the multimedia presentation [43]. For instance in our case
when the animated avatar tries to show lumps (lumpy skin disease) on the skinof a
cattle and it is not clear, there is unnecessary- music on the background and some
extra materials that has no direct contribution to the massage being displayed then
extraneous. cognitive pr‘o‘cesSing would occur, If one forces the learner to jprocess
extraneous informatioh that will demand a lot of cognitive load then the thinking
capacity will not engage in proper leaning processes that includes selecting,
organising and incorporating the leaning materials. This could also be caused by
learners being confronted with a new probiem, whereby they will have to look for

solutions because they cannot find the sclutions to that particular new problem.

2.4.3.2 Essential Cognitive Processing

‘The maijn aim of essential cognitive processing is to allow the learner to represent
mentally the essential leaming materials in the working memory [43]. If a leatner
selects then builds a mental representation with the learning materials which are
essential then the essential cognitive processing wili occur. The representation of the

information is usually determined by the intricacy of the materials used to learn.

Mayer [43] GOnfide_ntl'y declared that for the management of cognitive processing one
needs to use either one of the two techniques which are segmenting and modality in
multimedia designs. Segmernting is whereby instead of presenting multimedia leaning

‘material in ohe presentation that is continuous, it will be broken down into smaller



chunks which are easier to understand and manage:. Whereas with modality leaning
materials are presented using animations or piciure with words at the same time
instead of using words and pictures only. Modality is applicable in our VR-based
ex_pert system for instance when cattle are in pain from foot and mouth the sound it
makes will be heard ‘and the limping movements will be shown. Modality is further:
discussed in depth in the section below because it is adopted on this research project

as our main focus.

2.4.3.3 Generative Processing

This processing is whereby the learners make a comprehensible understanding of
the essential material, it entails putting words and images into a more clear and
consistent structure, it then merges the word structure and the image structure
together and any other knowledge [43]. Generative processing also facilitates the
knowledge structures. If the multimedia learning material is done properly it will make
a substitute of the prior knowledge and thus making it easier for learners to create a
more effective schema. Generative processing is promoted by multimedia

presentations which are using words and pictures rather than those using words only.

2.4.4 Five Forms of Representation in Theory

Mayer [41], [39] states that words and pictures can be represented iri five forms when
being processed by the memory. These forms are represented in each three stages
of processing in the memory stores maodel of multimedia learning [39]. These five
forms. include firstly the form represents the element of multimedia itself which are
words and pictures. Secondly the form is the acoustic (auditory) representation and.
the iconic (images) representation in the sensory image [39]. Thirdly the form
represents sound and image in working memory. Fourthly there is the representation.
found in the working memory of pictorial and verbal models. Then lastly the fifth
representation is prior kKnowledge, commonly known as schemas and is found on the

long term memory,



2.4.5 The Five Cognitive Processes

For a farmer to have meaningful leaming through words and picture tool Mayer
contends that the learner should engage the five cognitive processes which are as
follows [40]:

1) Selecting the relevant words for processing in the verbal working memory

2) Selecting relevant images for processing in visual working memory

3) Organizing selected words into a verbal coherent mode! in the working
memory

4) Org"a_niz‘i'ng images into.a pictorial coherent model in the working memory

5) Integrating pictorial and verbal representations with each other and with prior

(existing) knowledge

2.4.6 The Modality Principle

Throughout different research which has been conducted on multimedia presentation
it-is evident that when using words at the same time with pictures and animations, it
is more effective and has helpful effects, this is formally known as modularity effect
[44]. For a while now research on cognitive theory has supported this modularity
effect which reduced the cognitive processes. Modularity effect suggests that people
learn more effectively through a combination of word and pictures or animations
rather than through text only [44], [45], [43].

Farmers are taught different cattle diseases using differeni methods by veterinary
services. The commonly used methods include using text-based study guide and
books which gives them detailed instructions on what to do if they come across. a
particular disease. The extension workers on different regions usually conduct some
workshops to educate farmer s using posters with explained pictures [46]'.._ Some
farmers may- also use online disease’s diagnostic. tools to. learn about different and

diagnose their cattle.



The main problem with the learning materials is that they are presented in textual
instructionis supported with either pictures or images. The methods mentioned above.
are usually done without the consideration cognitive foad theory hence do not
consider maximizing cognitive processes {44]. There have been quite a number of
studies conducted on modality principles in different dormains of learning [44], [47]. I
has shown an improvement and good quality learning when presenting learning
materials using images or animations and spoken words [44]. Nevertheless there has
not been a study conducted to investigate thoroughly to see effectiveness of using
spoken words together with non-immersive virtual reality (animations) showing
instructions stepwise to learn about different catlle diseases and diaghose them

using an expert system.

With muliimedia the instructional messages. are usually presented in two forms the
audio mode and the visual mode which helps in maximising the cognitive processes
and thus making learning more meaningful [47]. In modality effect it is clearly stated
that if one presents words as a narration instead of using printed text only at the

same time with pictures and images learning will be improved tremendously.

Ginns [44] carried out a meta-analysis in which he reviewed 43 independent studies
and on that number 39 of them between-group experiments were then analysed.
When conducting this meta-analysis major hypotheses for instructional benefits when
-a doing a presentation transversely on different modalities were supported -and: they
includes pacing of preseritation in between different studies and fields, the interaction

of elements and performance.

The overall results throughout all the studies has shown that the modality effects is
moderated at 0.72 which is its average effect size and thus bringing it closer to large.
The results also indicates that for studies that used self-paced learning which is
described as presenting the learning materials in smaller chunks or segments and
the learner is given liberty to stop, pause or even skip a certain segment and the

ability go back 10 the previous content if they want. Leaning materials can also be



presented in a system paced format which is whereby materials are presented in a
continuous manner. it has evidently shown that system-paced materials have a
larger effect size (0.93) than self-paced effects size (0.14).

The study showed that when comparing the presentation modality of immersive VR
and computer screens and audio tapes the effect size of virtual reality head mounted
displays (immersive virtual reality) which is recorded as 1.34 is greater or larger than

that of computer screens (:0.55__') and audio-tapes (0.684).

The meta-analysis. results indicated that g_raphic-'used with narration at the same time
has larger modality effect as compared to the modality effects of learning materials
which used printed words and text only. There were quite a number of domains
reviewed in the meta-analysis which included engineering and science just to
mention but a few. However it-evidently showed that studies on examination of using
multimedia particularly virtual reality to present learning materials using animated
avatars or picturesfimages at the same time with spoken words to teach farmer s
about different cattle diseases presented as an expert system which could also be

used for diagnosing those diseases.

Other scholars Dunsworth partnered with Atkinson [48] to conduct a research on
evaluation of three effects which included the image effects, the modality effects,
narration in caparison to text on screen, and embodied agent effect al used to
present a cardiovascular system for humans. The outcome of this study was
evaluated though retention, far transfer-and near transfer questions for the evaluation
of the learning out comes, There were 51 under-graduate students who participated
in the study. The students were divided into three {by computer based leaming
conditions) groups of 17 members. The results indicated that the students who were
reviewing narration effects and pedagoegical agents scored better than those who
were using on screen text with a large effect size of 0.80. The students who were:
also using narration and pedagogical agents performed better that those using

narration only scoring a medium effect size of 0.66. This study concludes that



narration plus pedagogical had a higher score on the post-test than when using
narration only. Nonetheless there a no statistical evidence that a great significanice

between this three conditions.

To conclude we can say that despite the fact that modality- effect was re-used in the
study  curtied by Dunsworth in partnership with Atkinson [48), there a quite a number
of studies carried out which supported the use of modality effects in different
disciples and different domains [48]. Sirice most of the research carried out on
modality effect has indicated to be more effective in comparison to. using text only for
representation of learning content, this research was using multimedia in a form of
virtual reality to present the learning materials to farmer s in two different ways. With
the use of modality principte the learner (farmer) is able to diagnose and learn about

cattle diseases by listening to interactions and seeing the signs and symptoms.

2.4.7 Cognitive Load

Cognitive load has been explored extensively by Sweller [49] . Cognitive load is
defined by Sweller [49] as, “a total amount of mental effort being used in the working
memory”, whereas Paas and Merrionboer ef af [50] define cognitive load as the
multidimensional construct representing the mental load and mental effort that a
certain task imposed on a trainee’s cognitive systems at a particular time. According
to De Jong [42] [9] learning can be stalled when cognitive overload occurs and when

working memory capacity is exceeded.

The causal factors and assessment factors of cognitive load are. differentiated, this
distinction is done by looking at the factors that are affecting cognitive load and those:
that could be-used to measure the cognitive load [51], [52]. Cognitive load can be
measured using three different constructs that which includes mental load, mental
effort, and performance.- When assessing cognitive load through metal load the
assessment is task centred which means it is based on the characteristics of the task
[51]. Mental effort is known to be human-centred which means it considers the

‘amount of capacity or resources which a learner could alfocate in order to satisfy the
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demands of the task [51]. Lastly this cognitive load assessment grounded on mental
effort is said to be showing the quantity of engagement of the learner in a controlled
processing [51]. As a result it is presumed that the reflection of the interaction
between the learner and the characteristics of the task being learning. Cognitive load
can also be accessed by the level of performance. According to Paas et al “similar
learners, faster task performance with less effort can be considered to indicate a
lower cognitive load than slower task performance with more errors” [51]. The

diagram below (Figure 2.5) shows the factors that influence the level of cognitive

load.
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Figure 2.5: Cognitive Workload [50]

In this study the researcher described cognitive load as a mental effort and the
demands which are placed on working memory resources. These mental effort
demands includes firstly the task that is being done, secondly other tasks performed

at the same time, thirdly disturbances caused by the environment when using the
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system. Cognitive load is a very important aspect when it comes to learning and
capturing specific information and materials to perform tasks diligently. So if the
learning task surpasses the working memory capacity then it will lead to the cognitive
being overloaded.

Cognitive load needs to be monitored and well a managed to avoid exceeding the
working memory capacity which could lead to cognitive overload and by thus

meaningful learning would be disturbed [50].

24.71 Measuring Cognitive Load of Multimedia Learning

Many researches has been conducted on measuring cognitive load of multimedia
learning [50]. Paas, Tuoviane et al [50] indicated support for the claims that
performing a particular task imposes specific cognitive load and to demonstrate that
unpremeditated cognitive load is due to the interaction between the trainers
characteristics and the task in hand [50]. This measures are done to ensure that

user's memories are not overload or even under-loaded.

Classification of Methods for Measuring Cognitive Load Based
on Objectivity and Causal Relationship

Causal Relationship
Objectivity Indirect Direct
Subjective Self-reported invested mental ~ Self-reported stress level
effort
Self-reported difficulty
of matenals
(.2 IMRD)
Behavioral measures Dual-task performance
Leaming outcome measures

Figure 2.6: Measuring Cognitive Load [53]
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As indicated in figure 2.4 the subjective measure method is whereby the cognitive
load is indicated directly by self-reported stress level and indirectly by self-reported
invested mental effort. There aré quite a number of approaches that are used 1o
measure subjective self-reported cognitive and. they include; the NASA-TLX rating
scale which was based on perceived task difficulty then later improved by Hart and
Steveland [54], [13] to measure different aspects of cognitive load. Later on Deleeuw
and Mayer [50] suggested a more. improved version that indicated that the load
indicators react differently in terms. of sensitivity when different types of load are
introduced to them [50].

The NASA-TLX indicated that participants are able to measure and rate their mental
effort levels on their own [S0]. Other scholars alongside Paas repeated the study and

concluded that this subjective measure is more reliable and valid.

‘The other type of the indicator is the objective indicator as in indicated figure 5. In this
type of cognitive load measure participants are not the ones that manipulate the
cognitive load measure like in subjective measures. The measure could either be
indirect which covers physiclogical measures (eye movements’ behaviours, heart
activity brain activity) these could be invoked by involuntary changes in human
physiology [55]. There are is also behavioural measures. or performance (e.g.
completion times, efror rates, test scores, mouse clicks, capturing mouse speed and
pressure, key board pressing) which are commonly used in human computer
interaction for observation of interactive behaviour {23], {56]. The other indirect
measure is the learning outcome measures. There are also the direct measures

which include Brain activity measure and dual-task measures [57].

2.4.7.2 Conclusion of Cognitive Load

In conclusion this sub section covered an overview of cognitive’ load which was one
the objectives of this study. The literature has shown different ways. in which
ineffective coghitive load can be avoided in order to improve the leaming process.

The study focused on comparison cognitive workload {(mental effort) experienced by
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farmers when using the text based and virtual reality based expert systems for cattle
disease diagnosis which covered by objective 4 research question 4 and hypothesis
4.

The participants on this study were visited at their farms (natural setting of a user)
and some were randomly picked when visiting the Botswana government veterinary
offices this was donhe so as to address the issue of exiernal validit_y of results of
cognitive load theory as indicated by different studies conducted on the premises of
educational institutions conducive for learning. We could learn and understand with
the help of these cognitive factors, which system between the two (virtual reality and
text based) could be more effective and serve the purpose intended more

productively.

Self-reported subjective measures of cognitive load were applied and investigated
and compared to participants on their natural environment (cattle-posts and ranches
at Tuli block) in this study. The next sub-sections review the related works.

2.4.8 Related Works
This chapter reviews existing literature on diagnostic expert systems with the view of

identifying gapsin literature and addressing those gaps.

2.4.8.1 Review Existing Medical Expert Systems

Daoliang Li et al. [58] states that in China they developed a web-based expert
system for fish disease diagnosis known as Fish-Expert to diagnose 126 types of
diseases affecting 9 types of fresh water fishes. it has an image-base which contains
images showing symptoms and infections. The farmers are said to' have welcomed
symptom identification method of using multimedia interface, and they found it more
accurate to identity symptoms and infections by using images because of low level of
literacy [6]. Similariy, Pig vet: a web-based -expert system for pig disease diagnosis
was also developed in china for diagnosing pig diseases using images for

identification of symptoms because farmers were having some difficulties recognizing
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symptoms and infections described textually [25]. Both of these systems collect the
feedback from the users about problems faced by farmers, voicing their opinions on

the usability of the system and suggesting how to make the system better.

Prasad et al. [26] states that AMRAPALIKA is an expert system for diagnosing
comimon diseases for mangos in India. This expert system contains a database of”
pictures with infections and symptoms. The expert system is also comprised of
knowledge base of diseases: and their remedies. AMRAPALIKA was built using the
ESTA platform, which is said to be more advantageous than CLIPS as it is easy to
use because one does not need to have programming experience [26]. ESTA is
suitable to use in many problem domains and structuring of knowledge. 1t has an
explanation facility for questions asked and-the given advice [13]. Simitarly, DIARES-
IPM which is a diagnosiic advisory rule-based expert system for integrated pest
management in Solanaceous crop systems in Greece has an integrated knowledge
base [12]. This system also uses images as their muliimedia tool for identifying

symptoms and infections; DIARES-IPM is a standalone system.

Maize AgriDarksh [9] is ontology based advisory expert system developed in India
used for diagnosing maize diseases and for identifying pests and then suggesting the
prevention and control measures. The system also uses images as its multimedia
tool for identification of symptoms and infections. This is a web-based expert system
that allows the user to directly ask an expert some questions. Likewise, CUPTEX an
expert-system for diagnosing diseases affecting cucumbers was developed in Egypt
[59]. Furthermore, Dr Wheat a web-based expert systém for diagnosis of diseases
and pests in Pakistan has the same features such using text to identify infections and
systems [24]. The only difference it has is that it was developed using e2gLite™
expert system shell which uses java and with a problem domain of Pakistan [23]. The
setback on this system is that it is text based it does not use any multimedia tool to

display symptoms and infections.
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An integrated expert system called Doctor Verdes was developed in Turkey [60]. This
system is also a decision support system for diagnosing two veriebral column
diseases (disk hernia or spondylolisthesis).. It gives physicians a platform to discuss
their patients and share ideas. It also uses different techniques such -as machine
learning and pattern recognition for diagnesis. The system has a share case page
which physicians can share everything about their cases, such as history,
examination, Pre-treatment images, diagnosis, selected treatment, or post-operative
images including videos: It was developed using Visual Studio 2010 developer tool
and SQL server 2010. It has five main components which are Diagnoses, Patient
Operations, Share, Forum, and Help. It is multimedia based. which means it uses

picture and words.

Patient modelling Expert System for medical training simulations based on virtual
reality known as UVIMO was developed in Spain [61]. This system uses virtual
reality to model different patient behaviour. Artificial Intelligence (Al) has allowed the
development of more believable virtual living beings which could be used to show
symptoms and infections in a manner that it looks more real. Expert Systems have
been used to continuously provide information about patient behaviour. In this way, a
complex behaviour is achieved based on rules, which correlate with those of the
expert. The patient simulations were modelled using CLIPS bkecause it easily
integrates  with C++, High degrees of presence was attained on this system and

trainers managed to acquire necessary knowledge when using the system [61],

A veterinary diagnosis expert system for remote use was developed in South Africa
[30]. This expert system is used to diagnose illnesses in cattle and is accessible
through cell phone web browsers. The system was build using drocls rule engine and
a web-based interface was developed for it. The system developed was a proof of
concept. The system does not have any multimedia toot for identification of
symptoms and infections. The system was: specifically. developed to address a

problem domain of South African farmers [30].
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2.4.8.2 Literature Review Conclusion for Existing Systems

The nine systems reviewed in this. chapter address the problem domains of
European and Asian countries and some of them use the native language of the host
country (e.g. Pig-vet and Fish-Expert are using Chinese language} [58], [28]. The
study also reveals that no aitention has been given to the integration of expest
systems and virtual realily for disease diagnosis. Furthermore most of these systems
were developed to address one particular disease. Seven of the reviewed expert
systems use images as a multimedia tool. According to Rafea et al [62] users are
said to identify symptoms- and infections much easier when they are represented by
images than textual description. But the systems developed and studies curtied out
on this systems did not indicate whether they were effective, efficient, satisfying and
‘the cognitive load or the mental effort invested by users weré overload or urider load,
The.next sub-sections review the -C'Omparison of Multimedia and other Instructional

methods.

2.4.9 Comparison of Multimedia and other Instructional Methods

Several studies on multimedia for educational and instructional methods have been
conducted by different schelars [63]. In 1994 Petit [63] conducted a study comparing
a text-based instruction, standard multimedia and multimedia simulating a setting of a
mock [63]. Analysis of variance (ANOVA) was conducied on the scores recorded as.
indicated in figure 6 below. The results obtained from ANOVA indicated that there
was a significant effect in the method instruction. The standard multimedia showed a
much better original significant leaning in comparison to both text and muitimedia
simulating. As for text-based instruction and multimedia simulating there was no

s_ign'i_ficant_'d ifference,
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Figure 2.7: Comparison of Text-based, Standard Multimedia, Multimedia

Simulation Learning [83]

According to Ramsey [63] there are some problems which he identified after
conducting this study, for instance he indicated that subjectsfiearners felt a
compulsion to concentrate on the story line. presented by the simulation hence
devoting less co‘gnitli_ve attention to the relevant instructional material relation to the
time study and its analysis. Pettit indicates that to improve the simulation study the

learner should be provided with a more challenging problem,

Another similar study was conducted by Au [63] he compared interactive multimedia
(electronic book) with plain text version. The result obtained from the study indicated
that the interactive multimedia systems have a significantly higher scored in
comparison to a test-only based system. With the results obtained Au indicated that
using new media such as interactive multimedia for delivering knowledge can be

used to reduce performance gabs between student [63].
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2.4.10 Summary

[n both studies reviewed above comparing multimedia learning with different
instructional learning such. as text—only, the resulis for both studies indicated that the
more multimedia learning systems involve the learners as active participants, the

learner would be able to keep hold of the information preserited [63].

There are very few studies that compare virtual reality (irteractive multimedia
component) with text based expert system for cattle diseases in Botswana. Therefore
-this study draws upon task effectiveness, task efficiency, task satisfaction and
cognitive workload (metal effort) when using both virtual reality and text based
systems. The next chapter presents the methodology used to address the research

questioris and the gaps identified in the literature chapter.
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CHAPTER 3

Methodology

3.1  Introduction

In chapter 2 from the reviewed literature a number of flaws were identified that need
to be studied that addresses. These issues could lead to a better understanding of
strategies that could be laid down to come build expert systems fot cattle diseases
diagnosis in Botswana with good usability. The expert system has to be efficient,
effective; satisfying and uses less metal effort (not overloaded or under-loaded) when

used by farmers.

This chapter is aimed at giving a detailed foreground about the general research
methodology used in this research, and the ways of a achieving the specific
objectives by answering the research questions. The chapter covers the research
design, participants and sampling, reliability and validity, analysis of data and data

presentation.

3.2 Context of Study

This study was conducted between 2015 and 2016 in Palapye village in Botswana.
Cattle farmers in and around Tuli Block ranches located 100 kilometres East of
Palapye were used as participants in this study. Some cattle farmers using Palapye
veterinary services were used as participants. This study was awarded a research
permit by the Ministry of Agriculture to conduct the research (Appendix 2). The
participants were using a laptop to test both the text based and virtual reality based
expert systems and they were recorded with Morae recorder. Thirty two participants
were recorded using the text-based expert system and the other Thirty two recorded
using a virtual reality based expert system. The veterinary officers gave us
permission to work in their premises and offered us assistance by referring the
interested cattle farmers to come and test the systems. The farmers from Tuli block

also gave us permission to give there interested employees to tests the system.
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3.3  Research Design

The research design adopted for this study is a quasi-éxperimental research.
According to Gray [64] quasi-experimental research design is usually used when the
researcher instead of taking from the random samples they take an existing group:
The main reason for choosing this research design is because it takes pardicipants
who are experienced in their own natural settings rather than just to mén’ipula’te an
independent variable done in expe‘ri_mental'_ research design, The behaviour of a
similar group which has. not experienced the event will then be compared with a
group which has not exp‘e‘rienced the phenomena; in-ourcase comparing participants
who have used text based systems with those who have used a virtual reality based
expert system [64]. The other reason why this research design was adopted is
because it supports the use of hypotheses which could either be supported or
rejected. There was only one dependent variable for this study which is the usability
of cattle diseases diagnosis expert system. Usability was defined by four constructs
effectiveness, effectiveness, satisfaction and cognitive workload (metal effort). This
study has one independerit variables expert systems and it is categorised into two
(text-based expert system vs. VR-based expert system) and five independent
variables which were also categorised by different metrics as indicated in table 3.1

below.



Table 3.3.1: Independent and Dependant Variables

Independent Variables | Dependent variable. Hypothesis
Text-based expert Effectiveness (Number H1
system vs. Errors made, Completed
VR-based expert with ease, Completed with
system difficulty, Failed
Completely)

Efficiency (Average time | H2
for task compietion,

Mouse clicks)

Satisfaction (Systems H3
Efficiency, System Affect,
;Systent Heipfulness,
System Caontrollability,
System Learnability)
Cognitive Workload H4
(Mental effort)

3.4 Participants and Sampling

The sampling method adopted on this study is the probability sampling technigue that
gives the population of the study a chance of being sampled. The main reason for
choosing this sampling technique was because as stated by Bhattacherjee [65], it is
the simplest of probability sampling methods and it is not biased as everyone is given
a chance to be chosen as participant . This study had 64 cattle farmers from Palapye
and surrounding -areas more especially Tuli block ranches who participated by using
and testing the usability of text based and virtual reality based cattle diseases expert
system. The pariicipants were divided into two groups of 32 members per group. The
participants were given 5 similar tasks to perform on the system they were given,
which could be either text or virtual reality based expert system. It is common for
usability studies to use a small sample size [68]. If one is comparing means as. in our

case, they use the data such as task time or rating scales which is generally
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continuous (not binary}, and it uses the two sample t-test. Two sample t-test been
shown to be-accurate for small sample sizes [66]. The other reason for choosing to
use only 64 participants was because of time as the researcher could spehd 30-40
minutes on- one participant. Most of the studies on usability testing that one came
across had smaller sample size representing the entire community being studied
[66], [67], [68]. The participants were informed that participation in this study was
voluntary and there will be no payments. A written consent was given to the
participants. They were given a form to fill to show if they agree of disagree to
participate in the study (Appendix 3). The participants d'id not use their hames

anywhere and their files are kept safely on a locked cabinet.

3.5 Research Approach

The research approach adopted is quantitative, which involves studies that
enumerate their results through the use of statistical summaries [65]. This approach
involves the use of reguirements gathering metheds that have formal measurements
such as questionnaires and surveys. This approach also endeavours to get an
exhaustive view from the participants. The main reason for choosing this approach is
because there is a need to understand in detail if the virtual reality based cattle
diseases expert system identifies symptoms and infection much éasier and better
than using traditional text-based expert system. This approach is. highly suitable
because one will be directly talking to users unlike basing on what one expects to
find.

3.6 Research Purpose

This research is inferential in nature because it reasons and draws a conclusion by
making a logical judgment on the basis of circumstantial evidence and prior
conclusions rather than on the basis of direct observation [65]. It uses tests
hypothesis using the t-test statistical method to check there is significant difference
between the systems. With this method the hypothesis are either rejected or
accepted. A null hypothesis is devised ih opposition to an alternative hypothesis than

empirical evidence is ysed to reject null hypothesis to shiow indirect, probabilistic (p-



value) support of the alterhative hypothesis. The significant level of our probability is
at 5%, this means that if p>0.5 there is no enough evidence to reject the null

hypothesis or-accept the alternative: hypothiesis.

3.7  Methods for Comparing the Systems

Due to the fact that the components of usability usually are dependent on the context
of use as well the purposes for describing usability there are no set principles on how
the combination of measures should be like. So one needs to provide a measure for
all the components of quality of use, it is appropriate to for measures to be repeated
in different context [32).

A ‘statistical method independent t-test also known as sample ttest was used to
compare text and VR-based expert systems. ‘According to Gabriel et .al [69]
“Independent ttest involves examination of the significant differences on one factor
or dimension (dependent variable) between means of two independent groups (e.g.,
text vs. VR-based expert systems).

To answer the first research question and hypothesis 1, the research used an
independent-sample ttest to check whether there is any statistical significant
difference between the two systems. The metrics used 1o measure task efficiency
were task completion time, mouse clicks and mouse movements. If there is statistical
significant difference the effect size computation used to assess the degree of the
difference. The second research question and hypothesis 2 also used an
independent —sample ttest, to check for statisticai significant difference between the
two groups, as the data is also confinuous. The metrics used to measure task
effectiveness were erfors made, tasks completed with ease, tasks completed with
difficulty and completely failed tasks. The affect size was also computed to check the
margin of the difference. The third research questions ard hypothesis 3 because its
data is.continuous; the inde_penden.t—»s__a_mple -test was also used to check for the
statistical significant difference between the two groups. The SUMI means, medians

and the standard deviating for the five components global, affect, efficiency,



helpfulness, learnability, and controllability, were computed by the software to
measure user satisfaction. After the finding the- statistical difference the effect of the
size computation to assess the degree of the difference was done, Lastly in the
fourth resear't:h guestion which measured the mental effort also used the
independeni-sample ttest to test for statistical difference because the data was
continuous. To confirm which system is better than the other the average scores for

all the measure of the four objectives was used.

3.7.1 Measures of Effectiveness

Measures of effectiveness are described as the goals or sub-goals of using the
system to the accuracy and completeness with which these goals can be achieved
[4]. The components of effectiveness are measured by the quality of the solution
given by the systems to users. The effectiveness of the expert systems was
measured by the number of sub-tasks completely resolved and the number of effors

made by the user.

A usability testing tool Morae recorder developed by TechSmith was used to
measure task effectiveness [11]. The recording were then examined to. determine
number errors. made, tasks completed with ease, tasks completed with difficulty,
tasks failed completely while used both text and VR-based expert systems. Then a t-
test statistical method was used to check if there is significant difference between the
systems using of the metrics mentioned above. The means of the metrics were used

a determiner of the performance of the compared systems.

3.7.2 Measures of Efficiency

Bevan and Miles [4] ar_gu_ed that measures of efficiency are usually linked to the level
of achievements accomplished in effectiveness, particutarly looking at the expenses
of the resources used. The resources in our case referring to mental or physical effort
that could be used to provide the measures of an individual's efficiency, time that can
be used to give the measure of {emperal efficiency, and lastly there is monetary cost,

which could be used to give a measure. of the ecoriomic efficiency [4].



Morae recorder was also used to measure task efficiency; the metrics used were
Average time taken to complete a task and Mouse clicks. Sample t-test statistical
me'thod was used fo check if there is a significant difference between the systems
using of the metrics mentioned above. The means of both ‘systems in terms of the

metrics of efficiency were used to determine which of the systems performed better.

3.7.3 Measures of Satisfaction

According to Bevan and Miles [70] measures of satisfaction describe the perceived
usability of the overall system by its users and the acceptability to the system to the
people who use it and to other peopie affected by its use. Measures of satisfaction

could be directed to some specific modules in the systems or the entire system.

User satisfaction of the system was measured using an attitude scale known as
SUMI: This scale consists of a questionnaire with 50 questions that approximately
take 10min to answer which are answered through either “Agree”, “Disagree” or
‘Undecided” as shown in (Appendix 2). Measures of satisfaction provided very useful
indication of the user’'s perception towards the usability of the system. SUMI can be
used in to evaluate any system as long it has user inputs through the keyboard,
pointing device display screen and secondary memory [4]. SUMI gives a global
usability figure along with five subscales which includes efficiency, affect,

helpfulness, control and learnability.

Participants, for both text and VR-based expert systems were required to fill in the
SUMI questionnaire immediately after they finish using the systems. Then a f-test
statistical method was used to check if there is a significanit difference between the
systems using of the metrics. mentioned above. The means of the metrics were used
a determiner of the performance of the compared systems. Four types of measures
are ac'h’iev'ed.:through SUMI includes overall assessment, usability profile consensual

analysis and user acceptance. More emphasizes would be given to user acceptance.



3.7.4 Measuring Cognitive Workload

The distinct feature or-element of cognitive workload includes merital effort which
users need to expand excessively so as to gain acceptable performance [53]. The
measures of cognitive workload can be either objective (independent to personal
judgment and not directly under conscious control of the subject) or subjective

(obtained through questionnaires asking users how difficult the task was) [53].

According to G. Hart [13] "NASA-TLX is a muiti-dimensional scale designed to obtain
workload estimates from one or iiore operators while they are performing a task of
immediately afterwards”. This technique has been used in different domains, NASA-
TLX is also a subjective cognitive workioad measure tool. This tool is made of scales
that represent different variables which include mental, physical, and temporal
demands, frustration, effort, and performance. All the scales have a description and
they are rated out of 100 points with each step having 5 points as shown in
{(Appendix 3). After scaling all the scales then the ratings will to be put together to get
a task load index. The two sample t-test statistical method was used to check if there
is significant difference between the systems using of the metrics mentioned above.
The means of both systems in terms of the metrics of efficiency was used to
determine which of the systems performed better. The ftest statistical method was
used to check if there is significant difference between the systems using of the
metrics mentioned above, The means of both systems in terms of the metrics of

efficiency was Used to determine which of the systems performed better.

3.7.5 The Overall Score

To achieve the firth objective that was to recommend a useable cattle diseases
diagnosis expert system for software developers. After comparing all the four
components of usability efficiency, effectiveness, satisfaction and cogritive workload,
an average score was calculated. The sysfem which performed bettér than the. other
in terms of the measures was given 1 hence the. competitor was given 0. This was

only done when the alternative hypothesis was accepted. lf an alternative



hypotheses was rejected a score of 0 was awarded to that measure because there

will be no significant difference.

3.8 Research Questions and Hypothesis

To answer all the research questions derived from the objectives. the researcher used

table 3.7.1 below. The hypothesis for human computer interaction and cognitive

workload were also tested with the methods provided in the table below.

Table 3.8.1: Research Questions and Hypothesis

The research questions and their Hypothesi

S

Methods

Question 1: What are the differences of
efficiently completing the tasks between
farmers using the text and VR-based
diagnosis expert systems?

Hypothesis 1: The type of expert system
inteface, text-only or non-immersive
virtual reality will have a significant
difference on tasks efficiency in terms of
time taken to complete the task and

mouse clicks

Video-based  Observation

iMorae recorder and manager

using

Question 2: What are the differences of
effectively completing tasks between
farmers. using text and VR-based
diagnosis expert system?

Hypothesis 2: The type of expert system
interface, text-only or non-immersive
vitual reality will have a significant
difference on tasks effectiveness in terms
of nhumbers of errors made, task

completed with difficulty, task completed

Video-based  Observation

Morae recorder and manager

using




with ease.

Question 3: What are ‘the differences in | Software  Usability Measurement
user satisfaction between farmers using | Inventory (SUMI)

text and VR-based diagnosis expert
system?

Hypothesis 3. The type of expert system
interface, text-only or non-immersive
virtual reality will have a significant
difference on user satisfaction in terms
helpfulness, system control, affect and

efficient

Question 4: What are the differences of | Cognitive load self-report rating scale
cognitive workload experienced by | using the NASA TLX scale

farmefs using fext and VR-based
diagnosis expert systems?

Hypothesis 4: The type of expert system
interface, texi-only or non-immersive
virtual reality will have a significant
difference user cognitive workload in

terms of metal effort invested

‘3.9 Data Coliection and Experiments

The two groups of farmers (virtual reality and text based) were given five tasks which
are performed on daily basis on both systems. The tasks performed included Task 1:
Starting up the systems, Task 2: Selecting components from menu, Task 3: Choosing
the signs and symptoms, Task 4: Getting advice and lastly Task 5: Exiting and saving

results.

‘While the participants were performing the tasks mentioned above they were video
recorded using the Morae recorder software by TechSmith. This was done se as to

monitor and observe how the farmers pérformed the given tasks and when they
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perform them and to reveal what exactly they do. With this study the mental effort
invested by farmers when performing a given task was captured. Each session for
recording took a minimum of 30 minutes and a maximum of 40 minutes. After
completing the tasks, the software automatically gave the participants the SUS
questionnaire survey to answer but the feedback was not used on this research.
They were given the NASA TLX questionnaire survey to answer immediately after
answering the SUS. Lastly the participants were given the SUMI questionnaire to
answer. The efficiency, effectiveness and satisfaction were also captured with Morae

recorder software.

The figure below (figure 3.1) shows the structure of data collection process and the

experiments.

Recrusting and grouping participants
(64 participants)
Vitual Realty-Based Expert Text-Based Expert system
system (32- participants) (32- participants)
L L

Task Efficiency (Video Recording using usability testing
software (Morae Recorder and Manager)

L f
l‘ lt

Task Effectiveness (Video Recording using usability
testing software (Morae Recorder and Manager)

1 J
[ User Satisfaction (SUMI Questionnare) ]

l{ II

User Cognitive WorkloadWMental Effort
(NASA TLX Scale)

Figure 3. 1: How Data was Collected
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3.9.1 Methods Used for Collecting Data
There were two methods used to collect data and they included the survey

questionnaires and Video-based Observation.

3.9.1.1 Survey Questionnaire

A questionnaire is regarded as a tool used for gathering information that is self-
reported by people responding to the questions, usually with regards to their feeling,
attitude, belief, knowledge and their perception [71]. This method of data collection
came as a package. of the usability testing software- Merae by TechSmith, but the
data was not used in this study because of the limitations of SUS compared to SUMI.
SUS introduced in 1986 was used to measure user satisfaction on this. study
(Appendix A) [72]. This questionpaire survey was said to be reliable and it was the
most cost-effective usability scale. This scale had ten items which gave a giobal view
of subjective assessments of usability [72]. The respondents were given a scale to

indicate whether they agree or disagree, and the scale is usually on 5 to 7 points.

The SUMI questionnaire has 50 questions which the user has to reply to by either
showing if they agree, disagree or do not know and it is also used to measure user
satisfaction as mentioned in the 1ISO 9241 standard [36]. The tool can-also be used to
measure perceived quality of use of the software. it is more detailed as compared to
SUS as it scales other items such as efficiency, affect, helpfulness, centrol,
learnability and. global usability (Appendix 3). Affect is used for measuring the general
emotion reactions to the software being studied it also known as likeability. The
second item is efficiency and it is used for measuring the degree at which
participants feel being assisted by the software when using it, similar to transparency.
Helpfulness measures the degree at which the application or software does not need
any explanations and is well documentations to use it [36]. Then contiol measures
the degree at which the user feels there are in centrol of the system rather than being
controlled by the system when performing a task [36]. Then lastly there is learnability
which measures the degree at which the user has a feeling of being master of the

system and easily learns newly added features [36]. SUMIis ‘a commercial
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application, meaning the user has to buy the license in order to use it but it also
offers a free academic license which the research was using. SUMI was started in

the late 1990's and its first ever questionnaire was started in 1993.

There is also the NASA TLX scale which was used to measure the mental effort
invested by the participants when-using the system [13]. The reason for adopting this
method of gathering data was because it is quick and efficient (Appendix 2) [13]. Al
the three questionnaires used on this study are self-administered as mentioned in
sub-section (3.13).

3.9.1.2 Video-based Observation

It has become easier to study how people interact with the software's and web-sites
by using video-based observation software’s such as Morae recarder. With this data
collection method we were able to capture the video ‘and audio. The videos were
used for micro analysis of the interactions the participants were having with the
system; for instance errors made by the user while interacting with system could be
captured, the mouse clicks, keystrokes and cursor movement {73]. The reason why
this method was chosen was because it provides records which could be referenced
or used later unlike in a real-time where records are made taking notes on a diary or
even journal or by self-reported surveys. The other reason for choosing this method
is that it capture a détailed and rich data in a natural envirenment [73], [74]. The
researcher is able to manipulate the video for analysis which means they are able to

edit, crop and annotate the video.

The sub-section that follows describes reliability and validity of the data that was
collected. According to Gray [64] “reliability and validity are tools of an essentially
positivist epistemology.” This is study is ‘a positivism study which means the
researcher agrees that “inquiry should be based upon scientific observation and
there should be empirical” [64].



3.10 Reliability

According to Weiner [75] reliability is described as “the degree to which a
measurement technique can be depended upon to secure consistent results ‘upon
repeated application”. For reliability to be ‘maintained in this study the researcher
gave the participants the same questionnaires (SUS, SUMI, NASA TLX) which have
been used and tested in many different studies for so many years. They proved to be
successful in those studies in which they were used. With this the researcher
concluded that the respondents will interpret the questions in the same way. All the

guestionnaires were in English.

311 Validity

According to Weiner [75] validity is described as “The degree to which any
measurement approach or instrument succeeds in describing or quantifying what it is
designed to measure”. Some content expert we given content validity forms
(Appendix 4) to confirm if the diagnosis items met the diseases being diagnosed. For
instance if a participant is diagnosing a cattle for foot and mouth diseases, the
content expert then confirmed whether the signs and symptoms chosen are for foot
and mouth diseases. The experts confirmed and agreed that indeed ali the signs and
systems given for each disease matched that particular disease and the advice given
by the system is apptfopriate. The sub-section that follows describes how data was

processed after being collected.

3.12  Analysis of Data

Satisfaction was also measured using the SUMI guestionnaire the results were then
compiled and sent back to SUMI for analysis. As for the cognitive workload survey
(mental effort) the NASA TLX version 2.1.2 by David Sharek of playgraph LCC was
used for data analysis and generated the mean, median and standard deviation of
the participants. A descriptive data analysis method two sample Hest was used for
data analysis and an assumption that there is a siatistical significance when the
value of p was less than 0.05. As for the performance measures recorded by Morae



software (video based observation} the statistical analysis was generated by the

same software.

3.13 Summary

This chapter highlighted and described the instruments used for collecting data and
analyzing data. It has shown that these methods and instruments: can be adopted in
a wide_ range of scientific studies. The researcher found it fit to discuss the roles of
participants and their protection on this study. Validity and reliability of the data being

used on this-was also discussed.
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CHAPTER 4

Presentation of Results

4.1 Data Analysis Plan

This study adapted the inferential analysis method which tests the hypothesis.
Bhattacherjee [65] has shown that’ the probability also known as a p-value is
compared with the alpha (a) value to determine the significant level”. In our study if
the p-value is less than a=0.05 then the null hypothesis was rejected and the
alternative hypothesis is accepted hence if the p-value is more that a=0.05 we accept
the alternative hypothesis and reject the null hypothesis. The mean is (m) used to

determine which system is befter than the other one.
‘The research gquestions the study includes the following:

1 What are the differences of efficiently completing the tasks between farmers
using the text and multimedia based diagnosis expert systems?

2 What are the differences of effectively completing tasks between farmers using
text and multimedia based diagnosis expert system?

3 What are the differences in ussr’.s'atisfa‘ct'io'n between farmers using téxt and
multimedia based diagnosis expert system?

4. What are the differences of cognitive workload experienced by farmers using
text and multimedia based diagnesis expert systems?

The Hypotheses are as follows:
1. H1: The type of expert system interface, text-only or non-immersive virtua! reality

will have a significant diffetence: on tasks efficiency in terms of t'i'me. taken to

complete the task and mouse clicks.
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2. H2: The type of expert system interface, text-only or non-immersive virtual reality
will have a significant difference on tasks effectiveness in terms of numbers of

errors made, task completed with difficulty, task completed with ease.

3. H3: The type of expert system interface, text-only or non-immersive virtual reality
will have a significant difference on user satisfaction in terms helpfulness, system

control, affect and efficient.

4. H4: The type of expert system interface, text-only or non-immersive virtual reality
will have a significant difference user cognitive workload in terms of metal effort

invested

4.2 Participants’ Demographics

There were 64 SUMI questionnaires analysed from all participants, the researcher
also watched and analysed data from the 64 recorded videos, lastly there were 64
NASA TLX scale questionnaire analysed by the researcher. As indicated by the

Figure 4.1 33% of the participants were females and 67% were males.

Gender

Figure 4.2.1: Participant Gender

Figure 4.2 below shows the type of farmers who participated in our study, the

majority of the farmers were subsistance farmer s who made 55% population of our
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study. The commercial farmers made 37% of our population of our study. And lastly
we had aspiring farmers who aspires to become commercial farmers and due to
some changes they face are still working towards commertial farming and they only

made 8% or the poupulation of the study.

Type of farmers

Figure 4.1.2: Type of Farmers

Most of the participants of our study were between the ages of 41 to 60 who made
50% of the population of our study. The age range of 31 to 40 is the second largest
number of participants who made up to 31% of our participants. Young people with
the age range of 18 to 30 made only 13% of our participant’s population. The least of
all age range we got were the elderly people of the ages between 61 and 80 which

only made 6% of our participant's population.
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m18-30 m31-40 m41-60 m61-80

Age Range

Figure 4.2.2: Age Range

4.3 Comparing Task Efficiency of the Systems

Tasks efficiency was measured through sample f- test using the following measures

Table 4.3.1 Average Time taken to Complete Tasks

Means, standard Deviations, and f-test Results for Average time for task completion

(Table 1)
Average Text Based System | VR-based System P-value Hypothesis 1
time for (n=32) (n=32) (0=0.05) (Reject or
task Accept)
completion | Mean (m) | SD Mean(m) | SD

106.77 89.58 |70.45 89.70 0.0275 Accept

The means, standard deviations and the p-value were overviewed for average time

for task completion (Efficiency) using the t-test two samples assuming unequal

variances between text and VR expert system as shown in Table 1. The means for
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average time for task completion are similar with only a very minor difference text

being slightly higher. The “p-valug” obtained from this test is 0.0275 is less than 0.05

that means that there is a statistical significant difference between the two groups.

Because the VR expert system has a slightly lesser mean it means that it is better

than the Text based system in terms of task completion time thus it take less time.

Table 4.3.1 Mouse Clicks

Means, standard Deviations, and f-test Restuilts for Mouse clicks (Table 2)

‘Mouse

clicks.

Text Based System VR-based System P-value | Hypothesis 1
(n=32) (n=32) {(a=0.05) (Reject or
Accept)
Mean( m) | SD Mean(m) | SD
39.5 28.8623 | 52.0625 |22.0116 0.0172 Accept

Regarding the mouse clicks' made while performing the tasks results presented in

table 4.2.1 indicates that the participants using the VR-based expert system

(62.0625) had a higher mean as compared to those who were using the text based

systems (39.5). The p-value for mouse clicks. is at 0.0172 ‘which is less than the

threshold of 0.05 which means there is a statistical significant difference between the

two groups. We can conclude that Text based system is more efficient in terms of

Mouse clicks because it has a lesser mean of 39.5.

Table 4.3.2 Key Strokes

Means, standard deviations, and t-test results for mouse clicks (Table 2)

Key

Strokes

Text Based System VR-based System P-value | Hypothesis |
(n=32) (n=32 ) (0=0.05) 1
(Reject or
Accept)
Mean( m) | SD Mean{m) |SD
58.02 20.8882 | 22.60 12.0232 | 0.0127 Accept
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With regard to single depression of a key on a keyboard (key strokes) the results
presented in table 4.3.3 indicates. that there is a significant difference between the
two systems as the p value (0.0127) is less than the alpha value of 0.05. The text
based expert system has a higher mean of 58.02 which mean more key strokes were
pressed the VR-based expert system has a lesser mean. This means it is better that
‘the VR-based system as it uses less keystrokes hence making more efficient Text

based system.

4.4 Comparing of Task Effectiveness of the Systems

Table 4.4.1 Errors Made

Means, standard Deviations, and t-test Results for Number Errors made (Table 9)

Number | Text Based System | VR-based System ~P-value Hypothesis 3
Errors (n=32) (n=32) (a=0.05) (Reject or
made Accept)
Meari(m) |SD |Mean{m) |SD
[1.75 1.077 | 0.8125 0.859 | 0.0001 Accept

Table 9 show the t-fest independent —sample results for errors made, and the results
acquired indicates: that there is a significant difference between the two system
because the p-value 0.0001 is way less than less than 0.05 threshold as shown in
table 9. There is also a huge difference of means between the two systems with the
VR expert system having a lesser mean of 0.8125 which means there were less
errors made when using it than when using the text based system which had a mean
of 1.75.
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Table 4.4.2 Completed with Ease
Means, standard deviations, and t-test results for task success rate/ completed with
ease (Table 10)

Completed

with ease

Text Based System VR:-based System P-value Hypoth'esis'
(n=32) (n=32) (a=0,05) 3
(Reject or
Accept)
Mean(m) | SD Mean(m) | SD
65.1620 | 25.7466 | 1628.2200 | 3457.4023 | 0.1846 Reject

For the research question ihree, task effectiveness the results for the success rate of

the tasks completed with ease indicate that there is no. significant difference because

the p-value 0.1856 is greater than 0.05 thresholds as indicated in table 10. The mean

difference: for both systems is very high with the VR-based expert system has the

highest mean of 1628.2200 which is due to the fact that the percentage of the tasks

completed with ease was very high, the mean of the text based expert system is

small because the percentage rate at which participants compieted the tasks with

ease ‘was low. This means that the VR-based expert system's tasks were completed

much easier than those of text based system.

Table 4.4.3 Completed with Difficulty
Means, standard deviations, and t-test results for task success rate/ completed with
difficulty (Table 11)

Completed
with
difficulty

Text Based System | VR-based System | P-value | Hypothesis.
(n=32) (n=32) (¢=0.05) 3
(Reject or
Accept)
Mean(m) | SD Mean( m) | SD
131,008 | 268155 | 15.5280 | 8.0193 | 0.1356 Rejected
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As for the, task Effectiveness the results for the success rate of the tasks completed
with difficulty indicated that there is no significant difference between the systems
because the p-value is more than 0.005 as indicated in table 11 above. There is huge
difference between the means, with the VR mean being smaller which means fewer
tasks for the VR systems were completed with difficulty as compared fo those of text
based expert system.

Table 4.4.4 Failed Completely
Means, standard Deviations, and f-test Results for Task Success Rate/ Failed
Completely (Table 12)

Failed' | Text Based System | VR-based System | P-value | Hypothesis 3

Completely (n=32) (n=32) (a=0.05) (Reject or
Accept)

Mean( |SD Mean( { SD
m) m)
3.8720 |4.2064 1.8460 | 1.6858 0.1817 Rejected

Table 11 presents the results of task which failed to complete. They were acquired
through an independent-samples f-test to examine whether there is any significant
statistical difference. The results show that there is no significant statistical difference
between the two systems because the p-value is more than 0.0.5 threshold. The
results indicates there are fewer instances of complete failure of tasks when using
the VR system as compared to when using the text based. system because the VR

system hags a smaller mean of 1.8480.

4.5 Comparing of User Satisfaction of the Systems
User satisfaction is -one of the usability measures, it is perceived usability of the
overall system, and how its users accept it and the people affected by the system.

Satisfaction may be measured on specific aspects of the system [32].

The SUMI was used to test the usability of both text-and VR-based system. The-data
collected through the: SUMI questionnaire is analysed by an application known as
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SUMISCO. After the data has been coded it will be transformed to Global scale
which depicts the systems user satisfaction in general. SUMI also has some sub-
scales which include Efficiency, Affect, Helpfulness, Controllability and Learnability.
According to Dolendo [76] “the z-score transformation is used to make the scales.

have an expected {population) mean of 50, and a standard deviation of 10".

This sub-section presents the data collected through SUMI to test user satisfaction of
a text based expert system for cattle diagnosis (prototype). The results obtained from
this sub-section were summarized, and compared using statistical tool (- test) 50 as

to. prove the hypotheses as indicated in chapter 5 Discussion of Resuits.

Table 4.5.1: System Efficiency

Text VR P-value Comment
(0=0.05)
_Efficiency Hypothesis 3
System 1 2 Accept
RO Mean: 38.0837 43.1875
1 38,0937 0 12.0484 0.0010 System 2 (VR)
much more
efficient
"2 431875 12.0484 0

Because the sample size for both systems was the same there was an assumption
for equal variances. The results of an independent-samples t-test for Table 4
(Efficiency) confirm that there is a significant difference between Text and VR expert
systems because p-value is 0.0010 which is less than 0.05. The mean difference
shows that VR-based expert system has a lesser mean than text based expert
system which makes VR expert system more efficient than the text based expert

system.
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Table 4.5.2: System Affect

Text VR P-value Comment
{0=0.05)
Affect ' ' Hypothesis 3
System 1 2 Reject
e Mean 44,4687 45,5625
1  44.4687 0 2.0356 0.1594 Not-much difference

between systems in
o _ terms of Affect
2 48.5625 2.0356 o

With regard to affect the results on Table 4 indicates that there is ng statistical
significant difference between the two group’s affect scores because the p-value is
0.1594 which is more than the p-value threshold of 0.05. The results were also
acquired through independent-samples ftest therefore there was no effect size
c_omputed for the total affect to determine which is better because was no statistical
significant difference.

‘Table 4.5.3: System Helpfulness

Text VR P-vaiue Comment
(«=0.08)
“Helpfulness Hypothesis 3
System 1 2 Accept
Mean 41.25 49,6562
1 41.25 0 32.8141 0.0001 VR system
enormously more
'helpful’
2 49.6562 32.8141 0

As for the systems Helpfulhess the independent-samples f-test was used to examine
whether there is ‘any statistical difference between the groups. There results
indicated that there is an enormous statistical difference between the groups as the
p-value (0.0001) was way less than 0.05 thresholds as shown in table 5. The
differences of the means were also huge with VR expert system having a smaller
mean making it more helpful as compared to a text based expert system.
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Table 4.5.4: System Controllability

Text VR P-value Coemment
(0=0.05)
/Control | Hypothesis 3
System 1 2 Accept
7 Mean 43.2812 46,3437
1 432812 0 4.3552 0.0416 VR system slightly

more controllable,
statistically significant
_ anyway
2 463437  4.3552 0

With regard to control as indicated in table 5 above an independent.samples t-fest
was also conducted to eéxamine if there is any statistical significant difference. The
results indicate that there is slight statistical significant difference between the groups
as the p-value (0.0416) is less than 0.05. VR-based expert system is slightly more
centrollable because its mean (43.2812) is less than that of text based expert system

(46,3437).

Table 4.5.5: System Learnability

Text VR P-value Comment
(@=0.05)

“Learnability Hypothesis 2
System 1 2
Mean 41,8437 42.7812

1 41.8437 0 0.40813 0.5256 Not much difference iri

Learnability
2 427812 0.40813 0
. 1

There was no statistical sighificant difference between the groups in learnability as
indicated by table 7 because the p-value is more than 0.05. The resuits obtained
were computed through the independent-samples t test. So because thefe was no
statistical significant difference between the groups the effect size was not computed

for learna‘bility means.
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Table 4.5.6: Systems in General

listext 2isVR P-value Comment:
(a=0.05)
“General Hypothesis 3
System 1 2 Accept
‘Mean. 41.4375  48.8125
1 414375 0 134157 0.0005 Big difference in reactions
to the two systems-in
_ L . general
2 468125 13.41572 0

Lastly the entire system (Global/General) was tested for user satisfaction through
independent-samples i-test and the results indicated in table 8, there was a big
difference in reactions fo the two systems in general bécause the p-value 0.0005 is
way less than the 0.05 threshold which means statistically there was is a significant
difference between the two systems: Nevertheless the VR expert system performed
‘way much better than the text based system because it had a smaller mean number
of 41.4375. This means that VR expert system satisfies the users much better than
system the text based expert system.

4.6 Comparing of Cognitive of the Systems
Table 4.6.1: Cognitive Workload /Mental Effort

Means, standard Deviations, and #test for séif-imposed mental effort Results

Cognitive | Text Based System | VR-based System | P-value Hypothesis 4
‘workload (n=32) (n=32) (0=0.05) (Reject or
Mental Accept)
Effort Mean SD Mean |SD
45.52 2.90 2080 |275 0.0001 Accept

With regard to cognitive workload, the participants took a self-imposed test using the
NASA-TLX scale and the results for both systems were ‘compared using the
independent i-test to examine whether there is a statistical significant difference
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between the two systems. The results indicated that there is a statistical significant
difference between the two systems, The mean difference between the systems was
huge with the VR-based expert system having a lessef mean of 20.80 as indicated in
table 13, which means pariicipants using the VR systems exerted less mentai effort

as compared to those using the text based expert system.

4.7 Overall Difference

After 'cor‘npaﬁ'ng all the four components of usability efficiency, effectiveness,
satisfaction and cognitive workload, an average score was calculated. The overall
score was calculated using the measure/metrics of all the usability components as
indicated in Table 4.7.1.

Table 4.7.1: Systems Overall Scores:

Measures VR-ES TEXT-ES | Performed better
Time taken to complete the task: 1 0 VR-ES
Mousé clicks 0 1 TEXT-ES
Key strokes 1 0 VR-ES

| Errars made 1 0 VR-ES
Completed with ease’ 0 0 NO.DIFFERENCE
Completed with difficulty 0 0 NO DIFFERENCE:
Failed completely 0 0 NO DIFFERENCE
System Efficiency (For Satisfaction) | 1 0 VR-ES
System Affect 0 0 NO DIFFERENCE
System helpfulness 1 0 VR-ES
System Control 1 0 VR-ES
System Learnability 0 0 NO DIFFERENCE
System General 1 0 VR-ES
Mental Effort 0 1 TEXT-ES
Total 7 2

| Total(No difference) 5
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The system which performed better than the other one in terms of the measures was
given 1 hence the competitor was given 0, this was only done when the alternative
hypothesis was accepted. If an alternative hypotheses was rejected a score of 0 was
awarded to that measure as there will be no significant difference.

Overrall Comparison of the System

Figure 4.7.1: Overall Comparison of the System

The figure 4.7.1 above indicates that the VR-based expert systems took 50% of the
measures and the text based was awarded 14 % where the measures which did not
have any difference between the systems were 36%. This means that VR-based
expert systems was way much better than the text based system hence we
recommend that the software developer develop VR-based expert systems for cattle

diseases diagnosis instead of text-based expert systems.

4.8 Summary

In summary, the overall results indicated that there is a statistical significant
difference between the two systems in terms of task efficiency as its subset the
average time for task completion recorded a p-value of 0.0275, and the VR-based
expert system has a smaller mean making it more efficient than the text based
system. In terms of user satisfaction the global scale which is the overall combination

of all the four components recorded a p-value of 0.0005 which means there is a
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statistical significant difference between the two systems, ‘and the mean differences
indicates that the VR-based system satisfies the users much better. As for the
effectiveness of both systems the VR-based expert was. more effective because it
had tess error rates, and as for its task success rate there wefe ho statistical
significant differences between the systems in terms of tasks completed with ease,
difficulty and tasks that completely failed to complete. But in overall we can coniclude
that VR system was more effective because it had smaller means for the subsets of
task success rate (completed with difficulty and completely failed). There is a
si_gnifican't difference between the two groups in terms of cognitive workload
experience by the users because the p-value of 0.0001 less than the 0.05. This
results indicates that while using the VR-based system, the participants experience

less mental effort as compared to those using the text based system.
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CHAPTER 5

Results Discussion Conclusioris, and Recommendation

8.1  Introduction

The main objective of this research was to compare the usability. of non-immersive
virtual reality and text based diagnosis expert systems for cattle diseases. The
context of the study was focused task effectiveness, task efficiency, user satisfaction
and cognitive workload (mental effort) experienced by farmers when using these
systems, to check if there is a statistical difference between the two systems. This
study was focused on investigating and comparing the usability of these two systems
in Palapye (Botswana) veterinary district area using an experimental method to
collect quantitative data. The main and specific objectives were met by conducting
video obsetvations (through Morae recorder, observer, and manager), answering the
SUMI gquestionnaire, and by taking a self<~imposed cognitive workload test through
NASA TLX scale. This chapter, is the summary of the findings, the contribution of-
study, implications of the study, allocation of resources, the limitations of the study
and feature research are presented. At.the end of the chapter, there is a conclusion

with the limitations encountered during the study and the recommendations.

5.2 Summary of the Findings

For a deep understanding of this research topic an academic literature review
addressing the comparison of text-based and multimedia based expert 'systems for
cattle diseases was conducted, so as to put together the research guestions and the
hypothesis. This subsection looks at previous similar studies which have been

conducted and compares their results and findings with those acquired in this sfudy.

The reviewed literature has indicated that even t'houg_h there is an increased interest
in usability testing of -software applications, it is surprising that so little empirical
researches has been conducted on this area of study, especially in comparing the
usability components effectiveness, efficiency, satisfaction and cognitive workload of
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non- immersive virtual reality and text based diagnosis expert -systems for cattle
diseases in Botswana [27], [77]. It is also evident from the literature that there are
limited ICT platforms for diagnosis of cattie diseases {15], [19], [30). There arealso
limited ICT platforms for advising farmers on cattle diseases in Botswana [15], [19],
[30]. All this is due to lack of sufficient knowledge on usability of these platforms. As
indicated by literature there is a need to develop systems with good usability which is
often a very difficult task for developers [70]. This is a clear sign that there is a need
to intervene and help the farmers. So with these deficiencies. the researcher found it
keen to conduct a study on comparison of the two expert systems with different text

and VR-based interfaces in order to distinguish which one is ideal for the users.

Software developers are able to design and develop effective, usabie software
applications (expert systems) which could help cattle farmers, diagnose and learn

about different cattle diseases.

The research focused on usability testing which is described as “technique for
ensuring that the intended users of a system can carry out the intended tasks
efficiently, effectively and satisfactorily” [78). The research supported the MUSIC
Performance Measurement Method [70]. Ancther most important aspect of usability
which its literature was reviewed and showed that is that is often over looked is
cognitive workload [28],.[29].

The study compared the quantitative usability testing data acquired from the following

aspects of aspect of usability.

5.3 Task Efficiency

The research question 1 looked into the task efficiency of both the text and VR-based
expert systems for cattle diseases diagnosis systems. We measured Task efficiency
by the resources used and completely achieving a specific goal, the metrics used for
measuring this construct were average time for task completion, a number of

keystrokes per second and maouse clicks. The participants using the VR-based expert
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system as compared to those u‘sihg text-based took a lesser time to complete the
tasks as compared the given tasks, the VR-based expert system also had a lesser
number of keystrokes per second whereas the text based expert system had number
of keystrokes per sécond because the commands are-typed in, lastly the VR expert
system had more mouse clicks reasons being it uses the mouse to manipulate

everything in the system.

In summary looking at the facts above we conclude that the VR-based expert system
is more efficient as compared the text based system. Our results which indicated
there was a significant difference be text and VR-based expert system in terms of
efficiency contradicted those acquired from a study conducted by Cheon and Grant
who compared learning efficiency of a text-based interface, a graphical interface and
a metaphorical interface for a web-based instruction based on cognitive load theory,
which pointed out that there no significant difference between the groups. But
Cheon’s multimedia graphical interfaceé (images) was not as interactive as the non-

immersive virtual reality (animated 3D models) used in our system[_?Q],_[SO]

5.4  Task Effectiveness

fn research question 3 task effectiveness was examined, this was achieved by users
accurately completing a given task of a particular goal. Effectiveness was indicated
by a number of errors made-by users when performing a given task and task success
rate (tasks completed with ease and those completed with di’ffic:ult_y). The results
pointed out that there was a significant difference on numbers of errcrs made
between the two systems, the participants using the VR-based expert system making
fewer errors as compared to those of a text based system..As for task success rate
the results indicates that there is no significant difference between the two systems in
case of tasks completed with ease and task completed difficulty. We conclude that

the VR-based expert system is more effective as it has fewer errors.

The findings above are consistent with the results of a comparative study conducied

by Granados [81] on two teaching methods for paediatric medication administration:



multimedia and text-based modules. The text-based group made more errars for:
mathematical functions as compared to the multimedia based group; this means that
in terms of error made the multimedia based group was better. However the
multimedia components used in this study (video clips) were different from the one
we used in our study, none the less the resuits stiil shows that multimedia based
systems. are superior in terms of effectiveness as compared to text only based

systems.

5.5 User Satisfaction
Research guestion two explored user satisfaction which a according to: Beven [82]
could be measuring using attitude rating scales such as SUMI. The following aspects

of satisfaction were measured with SUMI:

5.5.1 Efficiency

The results indicated that there is a significant difference in terms of efficiency
between the two systems as the p-value is at 0.0010 which is way less than the
standard p-value of 0.05 so the VR-based system was more efficient. The results
acquired for this aspect are consistent with results from other similar studies such as
those from the study conducted by Arh et al [83] in which they evaluated the usability
if an educational portal which had graphics {multimedia) and some text: The SUMI
database states that the average value of an aspect can be 50 which means if it is
more than 50 the user would be highly satisfied [84]. The score for efficiency for this
study was 55 which means users were satisfied as the users-took a shorter time in
comparison to. the SUMI database with the data of similar products. The. VR-based

system also took a shorter time in comparison to the text based system:

5.5.2 Affect

This aspect is about how the emotions of the user are captured by the system [84].
The results acquired in our study have indicated that there is no statistical significant
difference between the systems. The findings above suggested that both systems

were the same in terms of affect. The score of affect for both systems were above 50



which means users were feeling mentally stimulated and pleased when using both
systems. The above findings. were consistent with the results of a similar study
conducted by Arh et al. [83] who was testing the usability of an educational portal

which has both text and mu_it_imedia_features_, and it its score for affect was at 66.

5.5.3 Helpfulness

As for helpiulness the resuits acquired in our study indicated that there was an
enormously large statistical significance between the two systems with a p-value of
0.001. The VR-based expert system emerged to be more helpful than the text based
system. This means that the users of VR-based systems perceived it to be
communicating with them in a helpful manner-and by thus assisting them to resolve
operational problems [83]. The results for this study are similar to those obtained by
Cheri et al who-was comparing text-based and graphic User Interfaces for novice and
expert Users, There was a difference in terms of helpfulness for novice users,

graphic user Interfaces was more helpfui to novice users than the Text-based [85].

5.5.4 Control

With regard to control the results we got for our study indicated that the VR-based
system was slig_ht'ly' maore controllable than text based system, which means there
was a statistically sighificant difference between the two systems. This means that
the users using the VR-based expert system felt that they, not the system, were
setting a pace. The findings of this study in‘terms of the usability aspect control are
consistent with the results -ac:quired'f_rom a similar study conducted by Cheon and
Grant who compared- learning efficiency of different interface types based on
cognitive load theory. The results which used both linear and user-controlled
indicated that the graphical interface had a higher score as compared to a text based
interface [31].

5.5.5 Learnability

Modality principle emphasizes that learners learn much better from images with
spoken words. instead of images with printed text [38]. The modality principle.
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instructionai design technigue- which considers the. limitation of the working memory
was applied to the VR reality based expert sysitem [55]. The signs and symptoms
were shown on the 3D animated models labelled with printed words accompanied by
an audio narration describing them. Most of the multimedia instructional design do
not take into consideration the limit of the working memory hence they cognitive load
becornes higher and thus impedes learning. Mayer [43] states that learning materials
are presented in two modes, audio and visual in multimedia which takes into
consideration the limit of cognitive process and the way the mind process inforfiation

and so doing reducing the cognitive processes which promotes learning.

The results acquired for this aspect indicated there was no. statistical significant
differerice between the groups with the means for text based system being 41.8437
and for VR-based system being 42.7812 and the p-value 0.5256. This means that
both systems are easy to learn, there is no difference on learning how to use both
systems. The users perceived both systems as easy to learn therefore t_h__e‘y were
able 10 perform tasks ori these systems with ease. To the researcher's understanding
this study compares virtual reality and text based expert systems for cattle diseases
diagnosis in Botswana so it is difficult to get closely related studies to compare their
results with our study, however some studies used the same method we used (SUMI}

to evaluate usability.

The findings ‘above were consistent with those acquired by Aizawa ef a/ [86] who
conducted a study-on comparative Study of the Routine Daily Usability of FoodLog:. A
Smartphone based Food Recording Tool Assisted by Image Retrieval. This is a
multimedia based tool which records food and permits users to photograph their
meals and the produce a text based food record. In this study an evaluation of daily
use was conducted with (multimedia based) and without (Text) image assistance.
The results acquired from this study indicated that the participants using an image
based system had a slight higher score in terms of ease of use as compared to a text

only system. But the quantitative evaluation indicated that the records for both



systems did not differ significantly. This means that the multimedia and text only

systems were easy to use just as indicated in the results cur study acquired.

5.5.6 Cognitive Workload

The findings from this reséarch study have suggested that there is a significant
difference between text-based and virtual reality (Interactive Muitimedia) cattle
diseases diagnosis expert systems with VR-based expert systems being better than
a text-based one in terms of task efficiency, task effectiveness, and task satisfaction.
We hoped that the resulis acquired shows that the VR-based expert system is
superior to a text based one. And if the VR-based expert system was observed to be
prominent, t6 decide how to develop and design user interfaces which best brings
information to the cattte farmer. In comparison to the results of a study conducted by
Petitt {87] [63] in which he compared the text-based instructions ‘with standard
multimedia and a multimedia system that simulates an industrial setting. As opposed
to the resulis acquired from our study which indicated that a significant difference
exists between the text and virtual reality based expert systems, the results obtained
from Pettits study indicated that there was no significant difference between
multimedia simulations and text-based instructions but there was a significantly better
and original learning-when using a standard multimedia instruction than when using a

text-based one.

According to Pettit [87], [63] simulated multimedia may be maore effective than text-
based systems depending on the context it was used on, for instance, animations
and videos with audio could easily illustrate c‘once_p’ts and thus assist in conveying
ideas, as we have seen in our findings. Pettit has indicted that about 30 percent of
the participants from his study could not visualize concepts presented in a textual
format and these findings are consistent with our findings which indicated that virtual
reality based system (Multimedia) is more effective, efficient and satisfying than a

text-based system.
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5.5.7 Contribution of Study

An effective diseases diagnosis expert system should be easy to use and
understandable. As of today, there has been very litle detailed empirical research
conducted which compares the usability of non-immersive virtual reality and text-
based cattle diseases diagnosis expert systems. After reviewing the literature it was
found that most of the studies conducted were focused on expert systems for
diseases diagnosis in agriculture for both plants and animals but did not dweli much

on evaluating their usability. So this study seeks to address this knowledge gap.

One more contribution which this study provided the was the relative knowledge
about task efficiency, task effectiveness, user satisfaction and the cognitive workload
exerted by users while using a text or virtual reality based expert systems within a
context of Botswana. This study provided in detail an understanding of the problems
faced by farmers using text or virtual reality based expert systems for cattle diseases

diagnosis.

5.5.8 Implications of the Study

There are quite a number of practical implications for system developers and farmers
not only in Palapye veterinary district but anywhere with a need io introduce the
catile diseases diagnosis expert system. The im‘p‘ii'cati'c'}ns generated on this study
wolild be of interest to software designers and developers, cattle farmers and the
veterinary physicians. There were three themes derived from the findings of this
research which includes improved usableness, production of satisfied users and

Cognitive overtoad avoidance

5.5.81 Usable Expert System

It is of utmost importance for any system to be usable. That is, there should be an
effortless usage of the system. The findings have indicated that in terms of usage the
virtual reality based expert system was way better than the text based system. For
instance there was limited 'sc"rdlling. on the VR-based expert system. Even though

there was less call to action with few clicks when using the text based expeit system
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it still took lesser time to accomplish a given task when using the VR-based system.
Therefore the recommendation is o use a VR-based expert system to diagnose
cattle diseases as it turned out to, be more usabie in comparison a text-based expert

system.

Furthermore it is suggested that farmers use the VR-based expert system as the
findings indicated that they had less error and also. completed tasks with ease hence
making it more preferable than the text based expert system. It seemed easier to
identify signs and symptoms when using the VR-based expert system as it illustrates
and shows how the signs and symptoms.in real life other than whén being described

textually.

With an easy to use cattle diseases diagnosis expert system, this could relieve
veterinary physicians and extension workers the burden of overworking as it has
been indicated that we have less veterinary physicians and extension workers to take
care of a large number of cattle in one region. This could also help in containing the
outbreaks of certain cattle diseases. Faster response to particular diseases could
help in containing that disease before it spreads or before it weakens the animal

hence preventing father spread of the disease.

5.5.8.2 Train Users

Cattle farmers have different educational levels and backgrounds hence there is a
large variance in computer use. The results have indicated that farmers using text
based expert system committed many errors and also compieted most tasks. with
difficulty and even though those using VR-based made less errors .and also
completed less tasks they need to be thoroughly trained because if they are not
trained they may be frustrated by the system and hence perceive it to be difficult to
use and time consuming. This may result in some farmers totally rejecting the system
and sticking to the older ways of contacting a veterinary physician hence defeating

the purpose of introducing the cattle diseases diaghosis expert system.
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Therefore it is essential for those who would be training the users to have a deep
understanding of how cognitive load which could bé either overload or under load
could have an effect on knowledge acquisition of new knowledge. Hence it is
suggested that the trainer has to use instructional strategies which could handle
learning without metal overload.

5.5.8.3 Cognitive Overload avoidance

Due factors that influence mental overload such as divided attention and duplication
of data the users of the VR expert systems experienced higher cognitive over-load as
compared i0 those using a text based expert.system as it was simple and strait
forward. It is suggested that as the VR expert systems has already indicated that it
has an upper hand in terms of other usability factors efficiency, effectiveness and
satisfaction. There should be instructional strategies deployed which could facilitate
the use of the VR expert systems without metal overload. Therefore there should be
only one screen (with a 3D character) showing signs and systems with fading
descriptions on the symptoms, other than having a description below the 3D

character.

5.5.9 Limitations of the Study

There was a smaller sample size population of 64. participanis used in the study
hence generalization to all cattle farmers in the country was limited. The: study was
also conducted in the Palapye veterinary district hence it was only fimited to this
area. The study was focused only on cattle farmers and does not include other
farmers such as small stocks farmers (goat and sheep). The study also generalised
the type farmers, it did not categorise them as commercial, stbsistent or aspiting,
and this could be relevant in trying to understand which type of farmers use ‘which

type of expert system more effectively and efficiently than the other.
Another limitation was that the study was only comparing two types of expert systems

interfaces which were the non-immersive VR-based interface and the Text-based

interfaces. There are other interfaces which could be compared such as full
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immersive: VR—based and semi-immersive VR-based interface expert systems.. This
could 'g_ive a clue of which interface is more usable than other. This could be a

possible future research area.

5.5.10 Directions for Future Research

There a numerous research studies conducted in this research field as it has shown
that it is constantly growing. As it has been indicated in this research, a virtual reality
based cattle diagnosis expert system is more efficient, satisfying and effective that
the text based expert system, but there so many opportunities for expanding this
research study. The limitations identified in section 5.5.9 pointed out several

interesting directions which could be studied and explored in the future:

Other types of interfaces full and semi-immersive virtual reality could be compared
with the one used in this study the text and non-imimersive virtual reality this could
lead to a deep understanding of the expert systems which could be efficiently,
effectively, satisfactorily used by farmers. The farmiers shouid also use less mental

effort when using the identified expert system

Furthermore the study should categorise its users according to the type of farming
they are involved in such as the commercial, subsistent, and aspiring farmers. This
could help in identifying if there are distinctions in different users when using different
expert systems and add features in the expert system which support different users

according to their needs.

5.6 Conclusion and Recommendations

This study’s main focus was to compare usability between text and virtual reality
based cattle diseases diagnosis expert system, the focal point being which of this
systems is better than the other in terms of effectiveness, efficiency, satisfaction and
cognitive worklead (mental effort). The findings indicated that the VR-based was
better than text based one in ferms of three factors which included effectiveness;

efficiency, and satisfaction but in terms of the mental. effort exerted when using the-
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systems the participants used more effort when using the text based system than
when using the VR-based system, This could be improved by avoiding an interface
with divided attention and-also by avoiding repetition of data (e.g. having 23D model
describing a particular diseases by showing signs and symptoms and also having a
textual description of that diseases in the same page). So above all the virtual based
cattle diseases diagnosis expert system is way much better and usable as compared
to the text based expert system.

The virtual reality based cattle diseases diagnosis expert system is recommended as
a viable expert system given its superiority in terms of its effectiveness, efficiency and
user satisfaction as compared to text base expert system. This study has only
investigated the usability of the fext and VR-based expert system it has not yet
looked at or assessed the market demand of the this system. We recommend that
these factors be assed.
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APPENDICES
Appendix 1 Research Permit

Telephone: 3689504

Fax No: 3903744 P
Internet: www.moa.gov.bw

Email:

REF: DVS 7/4/1 VI (51)

Hegmbih of Batuwpna

Botswana International University
Of Science & Technology

Private Bag 16

Palapye

Attention Dr Keletso Letsholo
Dear Sir/Madam

Ministry of Agriculture

Department of Veterinary Services
Private Bag 0032

Gaborone

Botswana

31 August 2016

We refer to yours dated 12 July 2016 on the above subject matter.

Be informed that we do not have any objection on study and will cooperate as

necessary where we can.

Thank you.

ours faithfully

Dr Letlhogile Mddisa

Director of Veterinary Services
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Appendix 2 Software Usability Measurement Inventory Questionnaire (SUMI)

This questionnaire has 50 statements. Please answer them all. Ater each statement there are three
bozes.

o Check the first box if you generally AGREE with the statement

e Check the middie box if you are UNDECIDED. or if the statement has no relewvance to your
software or to your situation.

» Check the right box if you generally DISAGREE with the statement

In checking the left or right box you are not necessarily indicating srong agreement or
disagreement but just your general feeling most of the time.

There are also five general questions at the end.

Statements 1 - 10 of 50, Agree Undecided Disagree
This software responds oo slowly to inputs.

| would recommend this sofware to my colleagues.

The instructions and prompts are helpful.

This software has at some time stopped unexpeciediy

Leaming to operate this software inifially is full of problems.

| sometimes don't know what to do next with this sofware.

| enjoy the time | spend using this software

I find that the help information given by this sofware is not very
useful.

If this software stops it is not easy o restartit

Ittakes too long to leam the software funciions.
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Statements 11 - 20 of 50.

| sometimes wonder if | am using the right funciion.
Working with this software is satisfying.

The way that system information is presented is clear and
understandable.

| feel safer if | use only a few familiar funcions.

The sofware documentation is very informative

This software seems to disrupt the way | normally like to
amange my work.

‘Wiorking with this software is mentally simulating

There is never enough information on the screen when it's
needed

| feel in command of this software when | am using it

| prefer to stick o the funciions that | know best
Starements 21 - 30 of 50.

| think this software is inconsistent

1 would not like to use this sofware every day

I can understand and act on the information provided by this
software.

This software is awkward when | want to do something which is
not standard.

There is too much to read befiore you can use the software.

Tasks can be performed in a siraight forward manner using this
software.

Using this sofware is frustrating.

The software has heiped me overcome any problems | have
had in using it

The speed of this sofware is fast enough.

I keep having to go back to look at the guides.
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Statements 31 - 40 of 50.

Itis obvious that user needs hawve been fully taken into
consideration.

There have been times in using this software when | have fielt
quite tense.
The organisation of the menus seems guite logical.
The software allows the user to be economic of keysirokes
Leaming how to use new funciions is dificult
There are too many steps required to get something to work
I think this software has somefimes given me 3 headache,
Ermor messages are not adeguate,
Itis easy to make the software do exactly what you want.
I'will never leam to use all that is offiered in this software
Statements 41 - 50 of 50.
The software hasnt always done what | was sxpecting.
The software presents itself in 2 very atiractive way.

Either the amount or quality of the help information waries
across the system.

itis relatively easy to move from one part of a task to another,
Itis easy to forget how to do things with this software.

This software occasionally behaves in a way which can't be
understood.

This software is really very awkward.
Itis easy to see at a glance what the options are at each stage.
Getling data files in and out of the system is not easy

I hawe to look for assistance most imes when | use this
software.
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Appendix 3 NASA Task Load Index (NASA-TLX)

Mame Task Date

Mental Demand How mentally domanding was the task?
HEEEEEEERE RN
Very Low Wory High
Physical Demand How physically demanding was the task?
NN EEEEEE RN
Vory Low Very High

Temporal Demand How huried o rushed was the pace of the task?

AEEEEEEEEEEEEEE NN
Wory Low Very High

Performance How sucoessiul were you in accomplishing what
you wore askod o do?

NEEEEEEEEE NN

Perfect F ailure

Effort How hard did you have to work 1o accomplish
your level of performance?

HEEEEEEEEE EENENEEEEE

Very Low Very High
Frustration How insecum, discouraged., imitated, stressoad,
and annoyed wereyou?
EEEEEEEEEE NN
Very L ow Wery High
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Appendix 4 Farmers Consent for Research Participation’

Farmers Consent for Research Participation

Purpose of the research study

The use of cattle disease diagnosis expert system has the ability to improve the
services for cattle production in terms of disease control. Particularly if the system is
usable that is if it is efficient, effective, satisfying and users invest less effort when

using it.

The main objective of this study is to compare. the usability of non-immersive virtual
reality and text based diagnosis expert systems for cattle diseases ih the context of
effectiveness, efficiency, satisfaction and cognitive workload experienced by farmers

when using the system.

You are requested to take part on this study as a participant because you are a
farmer who currently needs to use a usable cattle diseases diagnosis expert system.
You will be asked to use either a Text or Virtual-reality based cattle diseases
diagnosis expert system. After using the system you will be asked to answer the
SUMI guestionnaire and fill the NASA TLX scale

Procedures
When you agree to participate on this study, you be asked to do the following;
s The main aim of carrying out the study will be explained to you:
o You will be given a consent |etter,
o You will be asked to use the system..
o You will be asked to give feedback about the system through answer the
SUMI questionnaire and the NASA TLX scale.

¢ You will be asked to commit:about 75 min of your time

Discomfort or Risks

There are no known psychological discomforts or risks which could face participants.
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Reimbursement or Cost
Participants will not be compensated for taking part in the study, nor will they incur

any costs.

Confidentiality
The names of the participants will be kept confidential and they will not be mention

anywhere in the study.

Comments and Questions

If you have any questions or comments about the study you are free to contact the
research -on his mobile phone (+267 71969168) or on his email. If you want to
contact the university about the research you reach them on +267 49000177
Consent

Keep the copy of the consent given to you.

The participant has the liberty to accept or decline to participate on the study as

participation is voluntary. The participant can also withdraw his or her participation at

any time.

Signature Date-
Participant

Signature Date-
Researcher

Thank you for-your participation
Kabo Poloko Nkabiti
Masters Student, BIUST

Consent form
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| will participate in this study.

1 will not participate in this study.
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Appendix 5 Journal Paper (Published in: International Journal of Information and

Electronics Engineering (IJIEE), 2017)

Comparison of User Satisfaction between Text
and Virtual Reality Based Expert Systems for
Diagnosing Cattle Diseases

'Kabo Nkabiti. *Malatsi Galani, >Adamu Murtala Zungeru

2 el . A +
"“*Department of Computer Science and Information Systems
Botswana International University of Science and Technology

Private Bag 16, Palapye, Botswana

3 . ) - y i - : F
Department of Electrical, Computer and Telecommunication Engineering
Botswana International University of Science and Technology
Private Bag 16, Palapye, Botswana

kabo.nkabitif@studentmail. biust. ac.bw, galanim@biust.ac.bw zungerum@biust.ac.bw

Abstract— Even though usability testing of software
applications has been studied for decades, little
empirical researches have been conducted in
Agriculture domain, especially in comparing the
usability of none- immersive virtual reality and text
based diagnosis expert systems for diagnosing cattle
diseases. A quasi -experimental research was conducted
in which 62 cattle farmers both commercial and
subsistent used either a non-virtual reality based
(System A) or a text-based (System B) expert systems to
diagnose cattle diseases. An attitude rating scale
Software Usability Measurement Inventory (SUMI) was
used to collect data and the reactions towards the
expert-based systems. The measures were efficiency, the
affect, helpfulness of the system, controllability system,
and system Learnability. The results obtained from the
research indicated that the group of farmers using
System A was more satisfied as compared to those using
system B. System A is also more efficient than System B.
There is not much difference between systems in terms
of Affect. System A is enormously more 'helpful than B,
there is a statistical significance difference between
System A and system B in terms of system control with
systems A being more controllable. There is also not
much difference in the learnability of both systems.
There was a significant difference in reactions to the
two systems in general with of System A being better
than System B. In overall summary we can conclude
that System A satisfies users much better than system B.
Keywords: usability, human computer interaction, non-
immersive virtual reality, expert system, cattle diseases,
user satisfaction.
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I. INTRODUCTION
To set out an atmosphere for this research paper we
start by giving a brief overview of usability. Usability
is a key issue in human-computer interaction (HCI)
since it is the aspect that commonly refers to the
quality of the user interface [30]. The International
Standards Organization (ISO) defines usability as
[16]: The extent to which a product can be used by
specified users 1o achieve specified goals with
effectiveness, efficiency and satisfaction in a specified
context. The main key subject of human-computer
interaction is usability because it usually deals with
the quality of the user interface [1]. Usability is
defined by International Standards Organization
9241-11 as [2] “The extent to which a product can be
used by specified users to achieve specified goals
with effectiveness, efficiency and satisfaction in a
specified context.” This study is focused on user
satisfaction which is defined as the perceived
usability of the overall system, and how its users
accept it and the people affected by the system..
Satisfaction may be measure on specific aspects of
the system or may be used to measure the overall
system [3]. It is essential for software, websites,
mobile application, or any user-operated technology
developers and designers to create systems which
satisfy the needs of the users [4]. Despite an
increased interest in usability testing of software
applications, it is surprising that so little empirical



researches have been conducted in this area of study,
especially i comparing the usability of non-
immersive virtual reality and text based diagrosis
expert systems for cattle diseases. In this study,-the
focus is. to- compare the user satisfaction of the two
diagnosis expert systems for cattle diseases. Differént
expert systems. for diagnosing diseases have béen
developed mostly using CLIPS shell 1] [2] [3]

which afe text based. Some of these systems uses

software such as ESTA [4]) [3]which is an “expert
system shell developed by Prolog that allows the use
of using pictures in the title, parameter, in advice and
in action list"[9].

We experimented with two experl systems that use
different usér interfaces to détérmine  user’s
satisfaction.. The two systems compared were text-
based expert systems (System B} developed using
CLIPS, expert. systeni development shell. and ihe
virtual reality based expeit systems developed sing
3ds max 2016. We added interactivity to the 3D
madels and” animation using ity software. “This
helped to show disease symptoms and signs. moie
clearly.

In our investigation, we aimed to address the
following research question;

o Is there a significant difference in user satisfaction
between Tarmers us_i'hjg text and non-immersive
virtual reality based cattle diseases diagnosis expert
system?

The paper is arranged and divided into the following sections,
firstly we have the introduction whicli introduces the: ploblem
and gives an-insight into user satisfaction. The second. section
is the related work which looks at what has already been doie
which -is. simiilar to our research. Under section three we-also
discuss the methods used to achieve the main of the study; the.
participants, and the pioceduré. The fourth section is the result
presentation. The fifth section is results discussion which
includes its limitations, implications and comparison to the
existing results theii the last section s the conclusions.

_ HRELATED WORK
This sub-séction describes similar works and discusses the
results obtained feom those studies.

Ogogzake[10] carried an experimental research by wmpalmg:,-
the use text and multimedia- interface for the provision of
information -abont drugs preséription to old people with an
average of 7lyears. The participantis (62 divided nto tvo
groups) compared the paper information-based system with
computerized .infermation system. The resuits indicated that
the group of users using, multimedia-based presentations got
much better results, the users préferred to use miultimedia
interfaces. The elecironic system perfarmed bétter that the text
based. Tn teims of gender, men preferred both the multimedia-

and lext-based interfaces wherens women found the
multimedia  systeth moee  pledsant than the fexi-based
interfage:

In -another -study, two teaching methods for presentation of

learning materials to pediatric nursing students were compared

by Granados [9] at the Univérsity of San Fraficisco. Text-

baséd riodules and multimedia  based modules were.
comparéd. The independent variable of the research was
“knowledge agquisition of mathematical calculation skills for
medical adniinisteation™[ L T]. The research defined caleulation
skills as the ability of the student to caleylate (O weri.,hl —based
safe dosc ranges, (2) iittavenous flow rates for primary and
secondary medical infusion, {3} Converting pounds to
kilograms, -and lastly (4) the maintenance of fluid [3]. The
results af the research indicated that thcrc was no statistical
significant between the two modules in respect of the pass
rate, as well the lour items (1,(2).3) and {4) mentioned
above. There was -also an mdlcation of the results that the
modules were not as effective as anticipated for teachmg and
delivering the pediatric medical administration malerials. In
addition to the findings, it was -also evident that the
preponderance of errors was similar for both groups with an
exception of only a. few errors. with .a minor statistical
significant.

Also, Jung-Wei Chen et af {]7] conducted a research on a
comparison of graphical user interface (commonty considered
to be better) wilth text-based interfaces for 4 .dental records
syslem, Two groups of users were evaluated in this study, the
novice, and the expert users to check the time and steps taken
lo complete the tasks. Different .usability evaluation and
analysis techniques such as fask: analysis, GOMS (Goals,
Onperations, Methods.and Selection tules), HTA (Hierarchical
task analysis) and Dls__li_lbul_ed- représentation analysis were.
used to commpare the effectiveness of the systems. To assess
whether experience affects the lask pe‘i'forlnan'ce of the
systéms the “within-subject design evaluation method was
usued. The results indicated that for experts” user heé graphical
user interface (GUI} was not better that the text-based
interface (T(31). The novice users using the systeims. with GUI
perforined better than those using the TBI. The research
concluded by indicating that the usér-(riendlinéss of the user

‘interface of the system depends on how the task was mapped

which means that GUI can be better than TBI or may not be
better jt only depends on the task being carried out.

‘Fuithermore in 1996 Ramsey [13] conduéted a résearch on a
‘comparison ol thyee instructional learning methods which

includes o text-baseéd instructional system and two. multimedia

systems: The two systems using muliimedia instzuctions used

different interfaces -the -topic-orierted and problém-solving
interfice. Intellectual skills and verbal information were the

domaiiis of leariing béing examined in (his experimenta}

research design. The two designs used for examination of
original learning as well as the retention componerits of
learning [ 13]. The research measured the original learning first
then followed by instructional treatment. Then after a fortnight
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the retention will be measured, There were 30 participants
participating in each session, Analvms of variance was used to
analyze the scores. The results. obtained indicated that there
was no statistical significance difference between the text-

based and the two multimedia systems during both domaing

original learning and retention sessions [13] .

Lastly, Cheon and Grant [14] compared the learning efficiency
of different types of interfaces which were based on the
cognitive load theory. The interfaces being compare included
the text-based, graphical interface as well as the metaphorical
interfaces so .as. 10 establish which interface has a lawer
cognitive workload. Fifty undergraduates metal effort levels

and their performance score wé comparéd, The results.

obtained indicated that there was no statistical significance
difference between the groups. in terms learning efficiency:

From the reviewed related work it evidently showed that

studies ©n a comparison of user satisfaction between text-
based and non-inimersive virtual reality based expert systeins
-are very limited. Non-immersive virtual reality application on
animial health expert systems is a new concept so there is
limited research madeé on the field [15] [16] . With the factors
identified above: the researcher found it fit to do research on
this title and hopefully this paper will contribute knowledge in
this area ol study, '

‘There are two factors ‘which distinct our research from the
retated works: Firstly the comparison that we conduct is based

upon- text based and virtual reality (interactive multimedia)-

based expert system, unlike the most related works: which
compared the text with normial multimedia. (um%s} [10] [5]
[12] [13]. Secondly, we adopttd the software- usability
measurement inventory questionnaire (SUMI) 1o assess. the
participant’s satisfaction with both systems and evaluate their
preference. The 1SQ 9241 standard regards SUMI as.a. method
used to test the satisfaction of a user [2][17]. This common
usability tool is made up of validated 50-questions in which
participanis. score each question on a scale of three points
which are-agree, undec:ded or disagree. The participants were
allowed to ask the researcher questions during. task
performance. The questlonn'ure (SUMT) was 1nswe1e(l by the
participants immediately after using the systems, The data
collecied from the guestionnaire was then sent to Dr. Jurek
Kirakowski (SUMI employee) for analysis. The researcher
managed-to acquire the academic SUMI license which is fice
[18)[191(201,

1l MEASURES OF USER SATISFACTION

Different studies have indicated that uscr satisfaction has five
measures a listed below;

» Efficiency: T his is how the user feels dhout systems responds
when tasks are performed through it which ‘includes aspects

such as time taken to complete a task. resourtes used to

complete.the task by means of the systems performance [11].

+ Affect: This is referred to as emotiondl feeling in
psychology. I the context of our case, it means when the
pamcn)anl is feeling meéntally stimulated in an uaneaaant way

or in a pleasant » w'l\ “after using the systems [18].

* [telpfulness: This whereby the user perceives the system fo
be cominumicating in 4 helpful manrier, and thers is a proper
assistanice to resolve the problems encountered while
operating the systém [18].

« Control: This is the dégrei al which the user feels that he/she
has power over the system and hefshe, ot the system is pace
sefter {18].

* Learnability: the dbility of the user to learn new features: of

the systems-at case and get easily gets started,

IV THE HYPOTHESES

The hypotheses that were tested in the experiment were as:
folows:

Hypathesis 1: There-is no significant difference in the type. of
cattle disease diagnosis expert system lext or virtual reality
based on tasks efficiency,

Hypothesis 2: There is no significant ditference in the type of
cattle disease diagnosis expert system text or virtual reality
based on (asks affect.

Hypothesis 3: There is no significant difference’in the type of
cattle disease diagnosis expert system text or virtual reality
based on tasks helpfulness.

Hypothesis.4; There is no significant dilférence in the type of
cattle disease diagnosis expeit system text or virtual réality
based on tasks contrgis.

Hypothesis 3: There is no significant difference i the typé of
catlle disease diagnosis expérn system text or virtual reality
based on tasks learnabitity.

Hypothesis-6: There is-fo significant difference in the type of
cattle disease diagnosis expert system text or virtual reality
based on tasks in general,

) V METHOD
Tliis section provides hifermation for judging the validity of”

this study. Tt is a clear description of how the' expériment for
this study was done [27].

Quasi-Experimental Design

The independent variables tested were the usability measures

task efficiency, task alfect, task LOI‘IEIQ], task lear nablllly_ and

108



task helpfulness tested on both text and virtual reality based
expert systems. The between-subject design was used to
compare the text and the virtual reality based expert systems.
The 62 participants were dived into half and the half used text
based system whereas the other half used the virtual reality
based expert systems. Both interfaces were desktop based.
Usability testing software called Morae from TechSmith the
use of the systems by the participants [21] [22]

Participants

We tested the two systems with 64 individuals and they were
divided into a group of 32 participants each. The groups
included both commercial and subsistent farmer young and
old mostly those who could and read and were registered with
the department of veterinary services which is where they
were recruited. The age range of the participants was
approximately between 18 and 65. The participants were
assured that the information they shared with us would be kept
private and confidential and it would be anonymous [23] [24].
Procedure

When starting up the experiment the participants were giving a
short lesson on how the systems works and they familiarized
themselves with its purpose in general. They were informed
that they have limited time to complete different tasks. For the
situation to be realistic the participants were requested to
imagine diagnosing their cattle in real life as opposed to just
using their knowledge to as or even their opinion when
performing the set tasks.

As the participants performed the given tasks they were left
alone in a room and Morae recorder recorded a video of
everything they were doing. After the participants completed
all the tasks they signaled the experimenter and he gave them
a SUMI questionnaire to complete for user satisfaction
assessment which determined their preferred system.

The procedures for both systems were the same. Even some
participants had difficulty using the systems the experimenter
gave them more time to familiarize themselves with the
systems, but otherwise, most participants did not have any
difficulties understanding how the systems work.

VI SUMI Results

Figure 1 below shows the SUMI scale profiles for the means
and standard deviations for the VR-based expert system.
According to Erik and Veenendaal [25] “The SUMI database
states that 50 is the average value for the global (General)
score in a normal distribution and the standard deviation is
10”. When a value is greater than 50 then user satisfaction is
considered to be more that average. The data from figures I,

figures 2, figures 3 and figures 4 were used for statistical
assessment for comparing the two systems,
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Figure 1: VR Means and SD
Mean | StDev Median
'Giobal—_ml__‘_:@_ﬁﬁ__w_ﬂ 12 | 43 5_&____
Efficiency 4319 | 1558 | 390
Aflect | 4656 | 923 450
Helpfuiness | 4966 Mn32 | 45
Controiabity 4634 | 1048 440
Leamabity | 4278 | 1047 410

Figure 2: Virtual reality-based System Means and SD and
Median

SUMI Scale Profiles: Means with Standard Deviations
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Figure 3: Text-based System Means and SD



Mean | SiDev | Medan |
Gobal | 4144 | 737 | 400
Efficiency | 3800 | 060 | 370 |
Afect | 4447 | 784 | M5 |
Helpfulness 1.2 726 | 425 |
Controlabiity | 4328 | 758 | 430 |

leamabiity | 4184 | 734 | 400

Figure 4: Text-based System Means and SD and Median
Results Presentations

An overview of means, p-values, and independent-samples t-
test for the total scores of user satisfaction (efficiency, affect,
helpfulness, controls, learnability and systems in general) for
both virtual reality and text based expert systems are presented

Table 3: Helpfulness

Compared Means P-value(0.05) | Hypothesis 3
Systems

System A 41.25

(VR) ' 0.0001 Rejected
System B 49.6562

(TEXT) ’

As for the systems, Helpfulness the independent-samples t-test
was used to examine whether there is any statistical difference
between the groups. The results indicated that there is an
enormous statistical difference between the groups as the p-
value (0.0001) was way less than 0.05. The difference of the
means was also huge with System A (VR) have a smaller
mean making it more helpful as compared to System B (Text).

Table 4: Control

in tables below;

Table 1: Efficiency

Compared Means P-value(0.05) | Hypothesis I
Systems

System A

(VR) il Rejected
System B 04010

(Text) 43,1875

Because the sample size for both systems was the same there
was an assumption for equal variances. The results of an
independent-samples t-test for Table | (Efficiency) confirm
that there is a significant difference between Systems A and
System B because p-value is 0.0010 which is less than 0.05.
The mean difference shows that System A (VR) has a lesser
mean than System B (Text) which makes System A (VR)
more efficient than System B (Text).

Table 2: Affect

Compared Means P-value(0.05) Hypothesis 2
Systems

System A

(VR) AR 0.1594 Accepted
System B

(TEXT) 46.5625

With regard to affect the results in Table 2 indicates that there
is no significant statistical difference between the two group’s
affect scores. The results were also acquired through
independent-samples t-test, therefore, there was no effect size
computed for the total affect to determine which is better.

Compared Means P-value(0.05) | Hypothesis
Systems 4

System A

(VR) 4328125 | 0.0416 Rejected
System B

(TEXT) 46.34375

With regard to control, an independent-samples t-test was also
conducted to examine if there is any significant statistical
difference. The results indicate that there is a slight statistical
significant difference between the groups as the p-value
(0.0416) is less than 0.05. System A (VR) is slightly more
controllable because its mean is less than that of system B
(Text).

Table 5: Learnability

Compared Means P-value(0.05) | Hypothesis 5
Systems

System A 41.8437

(VR) 0.5256 Accepted
System B 42.7812

(TEXT)

There was no significant statistical difference between the
groups in learnability as indicated by table 5. The results
obtained were computed through the independent-samples t-
test. For that reason, the effect size was not computed for
learnability means.

Table 6: General

Compared | Means P-value(0.05) | Hypothesis 6
Systems

System A 41.4375

(VR) " Rejected
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System. B 0.0006
(TEXT) | 46.8125

Lastly, the entire system {Global/General) was tested through

independent-samples t-test and the resuits indicated thai there:

was & big difference in reactions to the two systems in general.
Statistically, there was a significant difference between the
systems. But System A (VR) performed better than System B
{Text) because it had 4 smaller mean number: This means that

System A (VR) is satisfied the users. much better than the

system.
VII DISCUSSION OF RESULTS.

On this section, a summary of findings from this study s
presunted The contribution of this research and its
imptication on the futwre work is also presented. Lastly, we
conclude with the limitations and recommendations for feather
research,

Results implications

The results -acquired in this. study implies that gon-immersive
virtual reality expert systems used for cattle disease diagnosis
are more &fficient, easy to control; easy to ledrr, helpful-and
more affect when compared to a text-based expert systenr:
‘The results uncovered that the users preferred using an
interactive multimedia-based system over a text only based
system, Intgractive multimedia-based syslem  seemed (o
prowde characteristics of a good interface such as cldrity,
congise, responsive {even though not faster than a text-based
one), consistency and attractive,

Existing results comparison with our work

Even though a number of swdies have becn conducted
comparing text and muliimedia based systems, most of them
were focused on imagds, only & few covered interactive
muiltimedia particularly virtual reality or augmented reality. 1t
has evidently shown that there is little to no published
scholarly. articles. that coimpare of user Satisfaction between
text and virtual reality based expert systems for diagnosing
cattle diséases,

Results Hmitdtions

Due fo Hmited time and resources a convenient smaller sample
size of 32:in each group was used [26]. There this could have
could lead to a poor interpretation of results more especially
the confidence level and the p-value, None the less small
sample size enabled us to address the research questions in a
shorter period of time. The other problem we faced was our
target ordinance some of our par ticipants did not take 1he
study: seriously. The other problem we encountered was that

we were looking at the entire cattle farmers’ regardless of’

whether one is a commercial, subsistent or aspiring and the
challenge was that they were faced with different problems,
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Vil CONCLUSIONS

The overall analysis as indicated by he general or global

aspects showed -that system A performed ‘much better than

system B even thought two dspects alfect and learnability did
not have any significant -statistical difference. Most of the
participants were very impressed with non-immersive virtual

‘reality technology being used in agricuiture for caitle diseases

diagnosis. They thought the adoption of such a system could

help them -manage their farmers well and educate them on

different ¢attle diseases which in retumn can save money and
time if utilizing such @ system. A few of the participants,

however, showed displeasure in the perception that computers

and Smartphone’s dare for people residing in wrban areas and
that other farmers might have inconveniences getting used to
the new innovation.

The study ‘also has: shown that it is not easy to make
conclusions about cattle Fal mers more especially the subsistent
farmer because it consists of the population that different and
heterogeneous, Nevertheless, we hope that this study will have
a contribution to the hody of knowledge of interface designs
for expert systems. in-_ agriculture more _espec'ially cattie
farming. We intend to expand our study in the future and
campare three interfaces for cattle diseases diagnostic expert.
systems winch consist of two multimedia based interfaces
{(non-immersive. virtual reality and avgmented zealny) with
Text using mobile platforms. We would like to examine the
preference of the three interfaces in terms of géider and age.
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