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Abstract
Poultry diseases remain one of the major threats to poultry production worldwide. Chicken disease need to be observed intensively because of its 
impact on the health and quality of chicken production. Chicken disease becomes one of the problems that are very detrimental to chicken farmers. 
In attempt to solve this problem, knowledge based system is identified as a powerful tool with extensive potential in alleviating agricultural and 
medical problems. This study aims at developing knowledge base system for diagnosing, prevention and management of predominant chicken 
diseases. Design science research method was used to develop the prototype system. The domain experts were selected by purposive sampling 
technique from Jimma University College of Agriculture and Veterinary Medicine and from Kito Furdisa Poultry Farm of Jimma University for 
knowledge acquisition. The knowledge was acquired using both structured and unstructured interviews. The acquired knowledge was modeled 
and represented using decision tree and production rules (If-Then-Action). Backward chaining algorithm was used in this study. At the end 
performance of the system was evaluated and produced a result of 83%. In addition, user acceptance of the developed system was found to 
produce 83.4%. Thus, the average performance of the prototype system was 83.2%. The prototype system achieves a very good performance 
and meets the objectives of the study. And thus it is strongly recommended that the stake holders take part in deploying the developed system.
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major mechanisms for controlling the chicken diseases [1-5]. 

The immediate sick chicken treatment methodsare isolation (culling), 
vaccination, biosecurity and treating them until recovery is very important. 
In the management of poultry, probably one of the most difficult phases is 
the management of the chickens. Diseases can be transmitted via humans, 
other birds, newly introduced chickens, or contaminated equipment. 

Chicken disease becomes one of the problems that are very detrimental 
to chicken farmers. This was assessed because of the lack of knowledge of 
farmers in handling conditions that occur in chicken. Accurate information 
about handling chicken disease among farmers is still difficult to obtain. 
Some of the things that make chickens affected by the disease include 
negligence in giving vaccines, lack of nutritional intake, and also the lack 
of maintaining the cleanliness of the chicken coopand the rapid spread of 
the virus. Farmers sometimes do know that their chickens are affected by a 
disease, but cannot know what type of disease is attacking the chicken. One 
of the last options for farmers, if they cannot cure the chicken, is contacting 
veterinary medicine professionals. However, the scarcities of number of 
professionals become an obstacle for farmers and it can be minimized by 
using knowledge-based systems.

Knowledge Base System (KBS) is a branch of Artificial Intelligence (AI) 
that helps to represent expert’s knowledge in artificial way. It is a computer 
program that replicates the problem solving abilities of human beings and 
developed to overcome difficulties in solving complex problems. 

KBSs use reasoning techniques like Fuzzy logic, Case based reasoning and 
Rule based reasoning to provide significant performance in the area of diagnosis. 
A rule-based system is handling problems from a well-defined knowledge base 
that contains facts and rules. It is evident that rule based technique of AI is 
appropriate methodology for all medical domains and tasks.

The proposed KBS assists the experts easily and timely diagnose, 
prevent and manage chicken diseases. Therefore, this study was initiated 
with the main aimto develop knowledge based system for predominant 
chicken diseases diagnosis, prevention and management [6-10].
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Introduction

One of the important reasons for failure in the poultry industry is disease. 
Various types of poultry diseases can cause serious loss in the poultry farming 
business. Diseases occur due to lack of proper care and management. The 
diseases of chickens need to be observed intensively because of its impact 
on the health and quality of chickens as poor monitoring system will reduce 
the productivity and increase its mortality rate.

Poultry diseases have highly destructive effects around the world and 
these diseases have affected both human and chickens. In Ethiopia, the 
poultry sector has been adversely affected by a variety of constraints; of 
these poultry diseases continues to play the major role hampering its 
development. Poultry mortalities due to diseases are estimated to range 
from 20 to 50%, but it may rise as high as 80% during epidemics. In Ethiopia 
and different developing countries constant presence of disease can lead not 
only to illness and death but also reduce productivity of chickens.

Controlling and prevention of chicken diseases from the beginning is 
necessary because once they got sick, the success in healing them is quite 
low. Most chicken diseases are caused by virus, especially the epidemic ones 
and so far it is not possible to treat most viral diseases. The ability to treat the 
chickens as early as possible is important in today’s commercial production 
systems because the chickens grow very fast. Therefore, prevention isthe 
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To the end, this study attempt to answer the following research questions.

Which knowledge is required to develop knowledge based system for 
diagnosing, prevention and management of predominant chicken diseases?

How to diagnose, prevent and manage chicken diseases using 
knowledge based system?

How to design a self-learning knowledge-based system that automatically 
updates its knowledge?

To what extent is the proposed system acceptable by professionals?

Objectives of the Study

General objectives

The general objective of this study was to develop a self-learning 
knowledge based system for predominant chicken disease diagnosis, 
prevention and management.

Specific objectives

To extract knowledge from experts and poultry disease manuals, journal 
articles and books on how to provide diagnosis, prevention and management 
for predominant chicken diseases. 

To model and represent the acquired knowledge using knowledge 
representation technique. 

To develop knowledge based system that can learn by memorization 
(self-learning) and assist experts during chicken disease diagnosis, 
prevention and management.

To test and evaluate the performance of the prototype system with the 
help of professional experts in the field [11-15].

Research Methodology

Research design

Design science research typically involves the creation of an artifact 
and/or design theory as a means to improve the current state of practice as 
well as existing research knowledge. Design science refers to an explicitly 
organized, rational and wholly systematic approach to design; not just the 
utilization of scientific knowledge of artifacts, but design being in some sense 
a scientific activity itself. Thus for this study design science research design 
was employed.

Study area

The study sites for this study wereCollege of Agriculture and Veterinary 
Medicine (JUCAVM) and Kito Furdisa Poultry Farm (KFPF). These two areas 
were selected due to the fact that large numbers of highly qualified experts 
are available. In addition, the prevalence of predominant chicken disease 
ishigh in the study area.

Sampling techniques and sample size 

Purposive sampling techniques was used for this study because it is one 
of the most common sampling techniques in qualitative research in which 
participants group are decided to pre-selected criteria relevant to a particular 
research question. 

This technique assists the researchers to select domain experts based 
on their educational qualifications related to the domain area, year of 
experience and willingness [16-25].

Knowledge acquisition

In this study explicit and tacit knowledge was acquired from both 
codified (documented) sources as well as non-codified (non-documented) 

sources. Non-codified sources of knowledge were acquired from Veterinary 
doctors who work in the JUCAVM and KFPF by using interview and critique 
knowledge elicitation methods to filter the acquired knowledge. Similarly, 
codified sources of knowledge such as poultry disease manuals, journal 
articles and books were acquired by using document analysis technique.

Knowledge modeling and representation methods

In this study, after the knowledge was extracted from codified and non-
codified sources, it was modeled using decision tree. Decision trees models 
by constructing a tree based on training instances with leaves having class 
labels was used and easy to interpret. For this research, production rule 
knowledge representation was used because it clearly demonstrates the 
domain knowledge. Production rule method is more appropriate to represent 
and demonstrate the real domain knowledge. It is easy for a human expert to 
read, understand and maintain. Production rules contain simple syntax that 
is flexible and easy to understand and are reasonably efficient in diagnosing 
problems of the form: IF (condition), THEN (conclusion).

Implementation tools

SWI prolog (PROgramming in LOGic) programming language was used 
as a tool to develop KBS. It is the most popular logic programming language 
within the realm of KBS.

Testing and evaluation of the system

Once the prototype was developed, the performanceand user acceptance 
of the system should be tested. For this purpose, the performance comparison 
parameters such as precision, recall and F-measure were used to measure 
the accuracy of the prototype system. Issues of user’s acceptance testing 
were also done using visual interaction method to see the quality of advice 
and to access to what extent the KBS satisfies the domain experts.

Implementation and experimentation

The implementation includethe real construction of the prototype 
system for diagnosis, prevention and management of predominant 
chicken diseases. The knowledge has been extracted from its sources i.e., 
tacit knowledge from experts and explicit knowledge through document 
analysis. After the necessary knowledge is represented using a rule-based 
knowledge representation technique, the next step is coding the represented 
knowledge using prolog programming language into a suitable format that is 
understandable by the inference engine. For this study, SWI-Prolog editor 
tool is used to construct the prototype system. Besides, architecture design 
was done in this study, which incorporates the knowledge base (facts and 
rules), explanation facility, inference mechanism and the user interface [26-35].

Architecture of the prototype system

Architecture is a blueprint showing how the components of the prototype 
self-learning KBS interacts and interrelates. Figure 1 illustrates the 
architecture of the prototype system (Figure 1 and Tables 1-3).

Discussion

There are some challenges encountered during the study which limits the 
prototype system to register a better performance for diagnosis, prevention 
and management of predominant chicken disease. These are discussed as 
follows: Even though tacit knowledge about the diagnosis and treatments 
of chicken disease is extracted from the domain experts using interviewing 
method in order to have detail understanding of the domain knowledge, it is 
challenging to extract the necessary knowledge due to the personal nature 
of tacit knowledge [36-40]. 

Training was given to the domain experts on how the system functions 
and on how to use and interact with the system. However, from six evaluators, 
two of them are not satisfied by the user interface of the prototype system. 
The two evaluators responded that, they want to insert their queries to the 
user interface in their local language and also want the decisions provided 
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Figure 1. Architecture of the prototype self-learning knowledge-based system.

Table 1. Confusion matrix of the prototype system.

KBS Suggestion

Actual correctly 
diagnosis cases

Actual 
incorrectdiagnosis 

cases

Experts 
Suggestion

Predicted correct by the 
prototype system 6 1

Predicted incorrect by the 
prototype system 1 4

Total 7 5

Table 2. Accuracy of the prototype system.

TP Rate FP Rate Precision Recall F-Measure

Results 0.83 0.167 0.83 0.83 0.83

Table 3. Performance evaluation by domain experts.

Evaluation parameters
Performance Value

1 2 3 4 5 Average Percent
Accuracy of the prototype system in diagnosis , prevention and management of chicken disease 0 0 2 1 3 4.17 83.4%

Attractiveness of the prototype  system 0 0 2 2 2 4 80%
Relevance of the prototype  system 0 1 2 0 3 3.83 76.6%

Resource   adequacy of the prototype  system 0 0 2 1 3 4.17 83.4%
Does the prototype system have significance contribution for the domain area? 0 0 0 1 5 4.83 96.6%

Efficiency of the prototype  system in time 0 0 0 4 2 4.33 86.6%
Is the system accurate in analyzing facts and decision making? 0 0 1 2 3 4.33 86.6%

The ability of the prototype system in making right conclusions and recommendations 0 1 0 2 3 4.17 83.4%
Simplicity to use and interact with the prototype system 0 0 3 2 1 3.67 73.4%

Average 4.17 83.4%
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by the system in their local language so as to understand the decisions made 
by the system. Due to this reason, two evaluators replied as good rating 
value for the simplicity to use and interact with the prototype system criteria 
of evaluation [41-45].

During coding the represented knowledge about chicken disease using 
the SWI-Prolog editor tool, the facts base of the prototype system is able to 
update its knowledge automatically. However, the researcher encountered a 

challenge to update the rules of the knowledge base of the prototype system 
automatically (Figures 2-4). 

The developed system has the capability to update new facts and/or 
rules if necessary. In other words the proposed knowledge based system 
makes the right decision and appropriately advice during predominant 
chicken disease diagnosis, prevention and management. When comparing 
the performance of knowledge based system for predominant chicken 

Figure 2. User Interface of the system.

Figure 3. Sample dialogue that uses symptoms to identify the disease.
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Figure 4. Sample dialogue that uses symptoms to identify the disease.

Figure 5. Sample dialogue that provides diagnosis, prevention and management for Newcastle disease. 
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Figure 6. Sample dialogue that provides diagnosis, prevention and management. 

Figure 7. Sample dialogue that learns from experience.

Figure 8. Sample dialogue that save the knowledge and learn from experience.
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Figure 9. Sample dialogue that provides description, prevention and management after new symptom is added.

disease diagnosis, prevention and management result 83.2%. (which 
is the average of user acceptance and system performance result) with 
other knowledge based system result (expert system to diagnose chicken 
diseases with certainty factor based on android where the evaluation testing 
result of the diagnosis of the disease there are several groups of research 
results show 3 groups with a good preference for the application of expert 
systems with a range of values of 63% to 82%, said good and very good 
categories and an information technology enabled poultry expert system: 
perceptions of veterinarians and veterinary students, the evaluation result 
was not specified. Hence, from these two knowledge based systems, the 
performance of knowledge based system for predominant chicken disease 
diagnosis, prevention and management we developed is better than the 
previous knowledge based system (Figures 5 and 6).

Based on the review of literature, it is clear that each of the existing 
system have one weakness or the other. This research work is expected 
to come up with a better system that save the knowledge base and update 
the knowledge. The new system uses prolog programming language and 
it learns from experience by memorization (self-learning). Again, Most of 
the existing systems were not evaluated. In the very few ones that were 
evaluated, experts in the field were not directly involved. The new system 
comes up with better evaluation method that involves expert from the field. 
This help to really determine the actual performance of the system by the 
users. As stated in the review of related works previous research works were 
done on poultry but they do not done specifically on chickens and it does not 
learn from experience to update its knowledge (Figures 7-9). 

The current work dealt specifically on chickens and prevention issues 

Figure 10. Sample „”what‟ and „”why‟ explanation facility.
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are discussed deeply because of chickens diseases are uncured since they 
are caused by virus and fungus and also the life span of the chickens are 
short that‟s why this study focus on diagnosis, prevention and management 
of predominant chicken disease. The new system learns from experience 
and updates its knowledge. Thus, in this study an attempt is made to 
design a learning KBS that can update its knowledge through experience. 
Additionally, enough rules are used to identify the type of diseases [46-50].

The prototype system developed can also be taken as a stepping-stone 
for conducting research to further come up with other approaches than 
adopted in this work to design and implement knowledge based system 
for predominant chicken disease diagnosis, prevention and management 
(Figure 10). 

Generally, all the evaluation and testing results of the prototype show 
encouraging finding for further research work to fully implement and 
apply knowledge based systems technology in diagnosis, prevention and 
management of predominant chicken diseases. The result and finding of this 
study was encouraging because of many reasons. The first one is that this 
study was done with higher quality and during the knowledge acquisition 
relevant information was acquired from domain experts. The second was 
that the system save knowledge, update the knowledge and learn from 
experience. The third one was that the system was evaluated thoroughly 
by the domain experts. The fourth reason was since chicken diseases were 
caused by fungus and virus mostly and the diseases were not curable 
the issue of prevention were discussed in this study. Therefore, from the 
research findings, it is possible to conclude that the research achieve its 
objectives that were they designed for [51-56].

Conclusion

Knowledge based system is widely used in the area of medical fields, 
especially for diagnosis and treatment. In this study KBS is developed for 
diagnosis, prevention and management of predominant chicken disease, 
namely, Newcastle disease, marek’s disease, infectious coryza, fowl cholera, 
chicken mite, coccidiosis, aspergillosis and favus. 

Hence, in this study an effort has been made to design and develop 
a prototype of a self-learning (i.e., learning by memorization) KBS that 
can provide advice for experts to facilitate the diagnosis, prevention and 
management of predominant chicken disease. 

In this study, the applicability of KBS for predominant chicken disease 
diagnosis, prevention and management has been proved. And the prototype 
KBS is promising and applicable in the domain area. The feedback and 
suggestion of domain expert reveals that the knowledge based system 
gained user acceptance. 

The system provides explanation, prevention and management 
automatically on the bases of predominant chicken disease after the disease 
is diagnosed. Knowledge is represented in the form of “if – then” rules 
generated from the decision tree. In the developedKBS, an attempt was 
made to dynamically update the fact base in working memory. Thus, can be 
concluded that, it is possible to make system to learn from the user response 
and permanently remember the new knowledge.

Generally, the prototype system achieves a “very good performance” 
and meets the objectives of the study. However, in order to make the system 
applicable in the domain area for diagnosis, prevention and management 
of predominant chicken diseases, some adjustments like automatically 
updating the rules in the knowledge base of the system, incorporating a well-
designed user interface and a mechanism of NLP facilities are needed.

Recommendation

Currently, KBS are receiving attention in many fields. With availability of 
advanced computing facilities and other resources, attention is now turning 

to more and more demanding tasks, which might require intelligence.

It is recommended that, improved extension services and the government 
should formulate a policy that improves the level of poultry disease 
management. And also it is recommended that every individual should have 
to give attention for environment protection to reduce the morbidity and 
mortality of chickens. In view of the above, the following recommendations 
are suggested:

The scope of the knowledge based system should be extended to 
include others diseases categories of chicken since this system is limited to 
only 8 major diseases which are predominant today.

It is recommended that the stake holders take part in deploying the 
developed system.

Government, researchers and developmental organizations should give 
attention to poultry sector and its development.

To fully provide better service, the KBS should be integrated with local 
languages to facilitate the interaction between the user and system. 

The system needs to be integrated with other languages like C#, VB, 
or Java. Net to have a more attractive look (user interface). Therefore, 
further research should be done to integrate KBS with other programming 
languages.
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