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ABSTRACT 

In practice, management problems requi re a high skill of managing with inter di sciplinary 

background combining socia l sc ience, business and behavioral sciences. Effecti ve human 

resource management system represents the essence of production effi ciency, growth 

processes, transparency and pred ictability of production, getting additional profit due to 

proper and quicker decision-making, keep ing equal employment opportunities, and so on. 

I 

Today's human resource workers run most of the aC,tivities III the HRM system 

increasingly by consulting top executi ves and experts. With regard to Ethiopia, the 

process of human resource management is done manuall y under the control of committee 

members organi zed for the process, which is not an efficient method in measuring and 

evaluating an applicant' s performance and skill. And consequently a number of problems 

are faced , like irregular evaluation mechanism, rater errors and personal bias, external 

influence of liking, and so on. 

Literatures suggest that the success of an organi zation lies down on expelts engaged in 

joining the production with its management process. And to solve such and related 

human resource problem, using an appropriate technology based system is paramount. A 

knowledge based (Expert) systems is the one, which is appropriate in so lving problems 

regarding human resource management. 

In an attempt to address such problems, the present study, spec ifically, explores the 

potentiality of app lying expert systems technology in Human Resource Management 

problems specific to the Selection, Training and Performance evaluation measures for the 

Ministry of Capacity Building in Addis Ababa. 

The know ledge acquired from manuals and domai n experts is represented uSlllg 

production rul es. These rul es are then implemented in the Knowledge Pro Gold expelt 

system shell uSll1g back ward chain ing inference mechani sm. 
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CHAPTER 1 

INTRODUCTION 

1.1 BACKGROUND 

1.1.1 Human Resource Management (HRM) 

The tit le human resource management (HRM) is a recent area representing al l aspects of 

managing people in an organization . It is a broad based understanding of the problems of 

people and their management with respect to the development of behavioral sc ience 

knowledge [saiyadain, 2004]. Today, profess ionals in human resource area are important 

e lements in the success of an organization specially to make the working environment 

more structured so that workers to stay in the organization and simultaneously attract new 

appl icants [Decenzo and Robbins, 1999]. 

Human resource management is the part of an organization concerned with "people" 

dimension [Decenzo and Robbins, 1999]. This is to mean HRM is a staff that supports 

function s of the organization in line with employees and production as a who le and it can 

also be taken as a function of every manager' s job. 

In practice, management problems require a knowledge based decision support system 

and a skill of managing. More over, it needs inter disciplinary background combin ing 

social sc ience, business and behavioral sciences. Today, to improve the productivity of 

an organization , it is compulsory to use an appropriate technology based system in every 

field . 

To improve the morale and productivity of employee, an organization should arrange 

tra ining programs, compensation, benefi ts and related employee job apprai sal activities. 

It is believed that training enhances productivity and qualityof work, develops skills and 

bui lds loyalty to the fiml. And the training differs depending on the type of job, the size 

of the staff and the goal of the organization. 

The modern era of science and technology is the era of expert sk ill s in different domain 

areas. It is always true that, experts are scarce in many fields of study-the human 
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resource management is the one. Therefore to utilize human resource efficiently and 

properly, it is recommended to use an appropriate technology in the required field. 

In general, effective human resource management system represents the essence of 

production efficiency growth processes, transparency and predictability of production, 

getting additional profit due to proper and quicker decision-making, keeping equal 

employment opportunities, and so on. 

Inside the human resource management, there are a number of activities that need 

specialists, such as employment and placement managers, compensation, benefit and job 

analysis specialists, training and development managers and specialists, and so on. From 

the different activities in the HRM system this research will give attention on the training, 

se lection and performance evaluation of the stated organization. 

1.1.2 Artificial Intelligence 

Artificial intelligence (AI) is a young field compnsll1g a number of applications in 

different domain areas. Like any other disciplines, Al has taken many ideas, viewpoints 

and techniques from different subjects. Among the different subjects that contribute ideas 

for Al came in to being, the major ones are philosophy, Mathematics, Psychology, 

Computer Engineering and Linguistics [SJ .. Russell and P.Norrig, 1995] . Different writers 

define Al from different angles; the common approaches are the human centered 

approach and the rationalist approach : 

• "The exciting new effort to make computers think ... machines with minds, in 

the filii and literal sense" (Maugeland, 1985) 

• "The art of creating machines that pel/orm ji./l1ctions that require intelligence 

when performed by people "(Kurzweil, 1990) 

• "The study of the computations that make it possible to perceive, reason and 

act. "(Winiston, 1 992) 

• "The branch of computer science that is concerned with the automation of 

intelligent behavior. "(Luger and stubblefield, 1995) 
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The first two defini tions are human centered approach and the last two are rationali st 

approach , and hi storically all the above four definitions have been followed [SJ .. Russe ll 

and P.Norrig, 1995: pp5]. 

Nowaday 3l1ificial intelligence is one of the fastest growing sub-di sciplines of computer 

sCIence. Unlike the conventional computer programs, which are performing 

computational or arithmetic operations, Al programs deals with symbols and symbolic 

concepts rather than numbers [W.B. Rauch-Hindin, 1986]. As stated by W.B. Rauch, the 

strong point for conventional computer programs is their ability to perform very complex 

computational operation quickly and accurately. But with regard to Al programs what 

are going to be so lved are symbolic and conceptual problems encountered in our day-to­

day activiti es. AI is always concentrating on building intelligent machines that think and 

so lve human problems in a specific domain area . It is applied in different fields of study 

such as electronics, engineering, law, mathematics, medicine, and so on. 

In the early 1960's (i n its very beginning) Al was attempting only few problems like 

game playing (checkers), theorem proving and a very simple task problem so lving. Now 

a day it has a wide variety of applications in different areas as stated above [C.E. Brouen 

and U. E. 0 ' Lemy, 1995]. 

1.1.3 AI and Expert System 

There are, now, different sub disciplines (areas) with in the field of artificial intelligence. 

The basic categories of Al are: Expert (knowledge base) Systems, Natural Language 

(every day native language) Systems and Perception Systems for vision, speech and 

touch [W.B. Rauch-Hindin , 1986]. 

~ Simple perceptioll systems- are intelligent programs that can make inferences 

about the quality and physical appearance of objects. 

~ Natural fallguage systems- are also computer programs that facili tate the 

interaction between end users and application programs by avoiding the need of 

formal computer languages through userji'iendly inteljaces. 

3 
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~ Expert (knowledge Base) systems- are computer programs that are dedicated for 

solving problems beyond the reach of conventional computer programs [W.B. 

Rauch-Hindin , 1986]. 

It is clear from the name that expert systems (ES) are computer programs that provide 

power (weight) for experts. One of the main practica l successes of Al is the development 

and application ofES in different problem areas [Donn aid Gillies, 1996]. 

• DENDRAL- The first expert system developed in the Stanford mass 

spectrometry Laboratory (1965). It was to explore the atomic composition of 

an organic compound. 

• MYCrN- The first medi cal expert system developed by the Stanford Heuristic 

Programming projects. It was fo r di agnosing and treatment of blood and 

meningi tis infections. Specifically, MYCIN was a rule- based Medical expert 

system yielding over 400 rules about the infection. 

In general, a know ledge based systems or ES are computer programs that captures the 

knowledge of human experts in a spec ific domain areas and uses those domain 

knowledge in problem so lvi ng whcrc there are no experts, since human experts are 

scarce, expens ive and difficult to get. Some of the most important advantages in using 

expert systems for problem so lvi ng are: 

• ES do not forget unlike that of human experts. 

• Reproduc ing ES is poss ible but training new hu man expel1s is expensive and time 

consumIllg. 

• ES is wider than a human expert in that it is the cumulative effect of a number of 

experts, and many more. [CEo Brouen and D. E. O'Leary, 1995] 

Even though ES lack sensory experience, creativity and unable to learn from the 

changing env ironments, it is an outstanding program in solving humans ' day-to-day 

problem that needs expel1s . One of such problem is problems regarding hu man resource 

management . 
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With regard to human resource management (HRM), it is clear that a problem always 

ari ses especially in the selection, promotion, giving training facilities and performance 

evaluation measures . This is a problem of almost all organizations particularly in 

Ethiop ia. 

Moreover, another key feature of ES that is not supported by conventional systems is its 

abi lity to expla in their reasoning process (i.e. the explanation faci lity) since most of US 

need some more justification from experts for the answers of a given problem [Keith 

Darlington). And the fundamental components, mainly, in expert system is inference 

mechanism and the knowledge base unlike to that of conventional computer systems 

which are a lgorithms and data. 

1.2 STATEMENT OF THE PROBLEM AND JUSTIFICATION 

Human reso urce management is a big field of study containing a number of activities 

inside. Literatures stated that it is possible to manage the employment process from 

creating Lob positions and advertising for the candidates through the recruitment, hiring 

and determining compensation , benefits, developing train ing programs and conducting 

routine performance reviews. So, to improve the productivity of an organization, those 

activ ities should be performed efficiently. 

Today's human resource workers run most of the activities 111 the HRM system 

increasingly by consulting top executives and experts [U.S.Department of Labor, 2004]. 

The idea, mostly coming from experts, leads a company in suggesting and changing its 

policies to attain the financia l success. Accordingly, an expert based human resource 

management system uses a cumulative effort of experts in the domain area to improve the 

productivity of an organization. 

With regard to Eth iopia , the process of human resource management is not moving in the 

right direction. For instance, in the process of screening in selection and training 

activities, the process is done manually under the control of the committee members 

organized for the process. More over, the committee members are se lected based on their 

political stand with out considering their management skill experience. On one hand 
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those committee members are higher personnel and are killing their working times in the 

process of screening, on the other hand they are not efficient in measuring and evaluating 

an applicant' s performance and skill with out personal biases. And in general , some of 

the problems encountered in the area of human resource management in Ethiopia are: 

• 

• 
• 

• 

The lack of proper follow up of employee 

The evaluation mechanism is not standardized and periodic 

Performance eva luation of the employee in most organizations is not free 

from personal bias 

Selections of employee are mostly done manually under the control of the 

mangers and thi s may lead sometimes to erroneous results and so on. 

Based on the above problems on resource management, the study will further diagnose 

related problems and minimizes them by incorporating appropriate technological 

techniques. 

Literatures also suggest that the success of an organization lies down on experts engaged 

in joining the production with its management process. The emerging knowledge 

millennium wi ll need an appropriate national, regional and global system of knowledge 

creation and sharing in order to attain an organization's goal. Hence to use human 

resources effecti ve ly and increase productivity, especially in developing countries like 

Ethiopia, it is better to use an expelt based human resource management system. 

More over, the study has aimed in minimizing the personal bias in the se lection and 

performance evaluation of employee in an organization. With respect to thi s, an expert 

based human resource management is helpful in suppOIting managers and authorized 

personals in doing such acti vities by incorporating the knowledge of domain experts and 

simultaneously minimizes those problems. 

6 
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• 

1.3 OBJECTIVE OF THE STUDY 

1.3.1 Genera l Objective 

The main objective of the study is to design a prototype Expert based Human Resource 
Management system specific to the Selection, Training and Performance Evaluation 
measures of an organization. In addition to explore the possible application of expert 
system in the area of resource management, the study is aimed to minimize the human 
resource management problems by supporting the manual works currently in practice. 

1.3.2 Specific Objectives 

The specific objectives of the study are as follows: 

• To explore the poss ible application of expert system in the area of human 
resource management 

• To investigate the domain knowledge used in human resource management 
• To identify some common problems in the area of HRM and develop ski lls of 

authori zed persons in resource management department. 

• To develop a prototype knowledge bascd system fo r the study. 

• To forward recommendations especiall y to develop a full fledged functiona l 
system in the area under study and to suggest for fut1her work in other 
di sc iplines. 

1.4 METHODOLOGY 

1.4.1 Method of Data Collection 

o Literature Review 

One of the important methods tn collecting the domain knowledge for this study is 
reviewing related literature. Related literatu res in the area of the study will be reviewed 
from different sources, i.e. from books, journals, and the internet and so on, to acquire the 
target domain knowledge in parallel with the poss ible applications of expert system. 
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o Discussion 

Another most important method of data co llection in developing a Knowledge Based 

system is di scussing wi th experts . Since expert system is a program that leverage experts 

in a given domain area, most of the time of data co llection will be given for discuss ion 

with experts. 

1.4.2 Method of System Development 

o Prototype Development 

To develop the system the method of prototyping will be employed. Literatures 

recommend prototyping approach in developing an expert system since the method is a 

common way of developing an ES and it enables a better management for the system in 

the time of implementation. 

o Programming tools 

Among the different types of programming tools, which can be used to build an ES, the 

Knowledge- pro (An expert systelTl ~he ll ) i ~ u~ed. Knowledge-pro is selected as a tool 

because it has flexible help system and its code is easier to update and maintain. 

1.5 SCOPE AND LIMITATION OF THE STUDY 

Human resource management is a broad field containing a number of activities, but the 

scope of this study will focus on design ing an Expert based Human Resource 

Management system specific to the Selection, Training and Performance evaluation 

measures. Due to time constraints, the knowledge-based system may not contain all the 

necessary ru les in HRM. Because of thi s, the study is restricted on major rules of the 

above-mentioned activities at the Ministry of Capacity Building. 
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1.6 ORGANIZATION OF THE THESIS 

The study is organized into six chapters. Chapter one is the introductory part, wh ich 

contains the background, problems and justifications to conduct the research, objectives 

(general and specific) and methodology to carry out the research, and its scope and 

limitation. 

Review of literatures on the expert systems, about its background, architecture and expert 

system app lications in the area of resource management in general and the human 

resource management in pal1icular is presented in chapter two. 

Chapter three focuses on the fundamental s of human resource management in general and 

a detail discussion on the training, se lection and performance eva luation aspects in 

particular. The chapter includes the human resource management system practice of the 

country. 

Chapter four di scusses the methods used 111 knowledge acqu isition, knowledge 

representation and modeling processes. 

In chapter five, the development of the prototype expert systems under study has been 

di scussed. The chapter presents the application of the knowledge using sample 

demonstrations of the user interface. The last chapter, chapter six, highlights 

recommendations of the researcher accompanied by concluding remarks . 
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CHAPTER 2 

EXPERT SYSTEM 

2. 1 INTRODUCTION 

There are different sub disciplines with in the field of artificial intelligence. One is the 

Expert (knowledge base) system. In the early 1960's (in its very beginning) AI was 

attempting only few problems like game playing (checkers), theorem proving and a very 

simple task problem solving. Nowaday it has a wide variety of applications in different 

problem areas. 

Expel1 systems are considered as a branch of AI because the method of prob lem so lving 

is predominantly based on heuri stics together with the human experts' knowledge. This 

contrasts very much with the conventional programming paradigm that uses algorithms to 

so lve problems. Artificial Intelligence (AI) is a broad field, with some of the appli cation 

areas shown in the diagram below: 

Speech 
Synthesis 

Expert 
Systems 

Vision 
Systems 

Applicali 
OilS 

Figure2.1 some applications of AI 
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o Evolutionary view of ES 

Different human problems have been addressed through the help of modern technologies. 

One of the young disciplines of such techno logy is artificial intelligence. AI researches 

are now growing to solve a number of non-numerical human problems. Even though the 

emphasis for most programmers is on the development of software tools, AI languages 

grew out of techniques developed for managing symbolic information [Parsaye and 

Chignell, 1988]. 

Expert system and symbolic computations are the new era information processmg II1 

which computers can separate and manipu late symbolic information to generate 

conclusions. Thus expert systems can be taken as a new step in the evolution of 

programming paradigms, tools for simulating human behavior, too ls for so lving 

problems, and a new software technology. 

Expel1 systems are computer programs on a specific domain area that acts as an expert by 

reducing the overall complexity of the situation in that domain specific knowledge. In 

contrast to the conventional softwares, which process data, expert systems process 

knowledge and because of this expert systems are al so known as knowledge based 

systems (KEs) [K. Darlington]. One example to mention here is the well -known medical 

expert system, MYCIN, was developed in 1976. K.Darlington summarizes those 

characteristics that distinguish expert systems from conventional system as follows. 

II 
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Table 2. 1 The characteris tics that di sting ui sh expert from conventional systems 

Characteristic 
Underl ying paradigm 

Method of operation 

Processi ng unit 

Control mechani sm 

Fundamental components 

Explanation capability 

Expert system Conventional system 
Heuristic. Usually implemented using state Algorithmic. Solution step 

space search. So luti on steps are impli cit (i.e. explicitly written 

not determined by programmer}.Solution programmer. Correct answer. 

found IS not always guaranteed correct. given. Procedural prob len 

Usua ll y 

paradigm. 

declarative problem so lving solving paradigm. 

Reasons with symbols. For example, infers Predominantl y manipulate 

conclusions from known premises in order to numeric data. For example 

d iagnose a patient illness. Inference engine is Sorti ng. Calculating and storinJ 

used to decide the order in wh ich premises are data processed to produc, 

evaluated. information such as pay slips fo 

a company payroll system. 

Knowledge. This may be represented in the Data. Typica ll y represented 11 

form of rules. Knowledge is active in that an the form of arrays or records il 

expert system can reason with knowledge to languages like C or COBOL 

infer new knowledge from given data. Data is passive in that it does no 

give n se to fUliher generation 

of data. 

In ference engine usuall y separate from Data or information and contro 

domain know ledge. 

Expert system = inference + knowledge 

Yes. An exp licit trace of the chai n of steps 

underlying the reasoning processes. Would 

typically enab le a user to find out how the 

system arrived at its conclusions or perhaps 

why the system is ask ing fo r an answer to a 

particular question. 

12 
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2.2 EXPERT SYSTEM ARCHITECTURE 

Al most a ll expert systems have four major components. The user interfaces, the 

explanation facilities (system) , the inference engine (mechanism) and the knowledge 

base. 

Expert system shell 

u ser 

Explanation . 
system Case specific 

/ ~ data 
User -" 

Interface ...... Knowledge base 
editor • 

Knowledge 

Inference base 
/ 

eng1l1e 

Figure2.2 Expert system architecture 

• Tile user - the user is the actual beneficiary of the system' s utility. The user interacts 

with the system through the user interface that makes access more comfortable and 

hides much of the system's complexity. 

• Tile user illtelface- this is where the user interacts with the expert system. The user 

interface may use menus, natural language, question and answer or any other style of 

interaction. 

• Tile explallatioll system- almost all expert systems have . an explanation sub system. 

This facility allows the program to explain its reasoning and deci sion processes to the 

user. The explanat ion facility allows the user to ask why the system asked some 

question and how it reached some conclusion . The system will answer those questions 

based on its goa ls, rul es being used and any ex isting problem data. 
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• Kllowledge base editor- some systems have a knowledge base editor which help the 

expert or knowledge engineer to update and check the consistency of the knowledge 

base easi ly. Based on the explanation faci lity of the system, the knowledge base editor 

helps the programmer to debug the system's performance, add new knowledge to the 

knowledge base and correct the rule syntax accordingly. 

• A ll illferell ce ellgille - it is used to reason with both the expert knowledge and the data 

specific for a particular problem being solved. The expert knowledge is mainly the 

knowledge in the knowledge base typically expressed as a set of IF-THEN rules, and 

the case specific data includes both data provided by the user and partial conc lusions 

(along with certainty measures) based on this data. 

The real effort of expert systems is their capacity in makiilg inferences or drawing of 

conclusions based on premises. For a human expert it is not enough to know and apply a 

domain knowledge using rules but in which order they should be applied to so lve a 

particular problem is the remarkable question. With the same fashion, a computer expert 

system needs to carry out a conclusion or a set of act ions based on the knowledge in the 

knowledge base through rules in a certai n order. To do th is, an expert system uses an 

inference engine. An inference engine is a program that interprets the ru les in the 

knowledge base in order to draw conclusions. 

The two commonly used alterative strategic of the inference process are the backward 

chaining and forward chaining. A particular inference engine may adopt either or both 

[k. Darlington]. 

2.2.1 Backward chaining inference 

A backward chaining inference engine is sometime ca lled 'a goal - oriented' inference in 

that it tries to prove a goal by confirmi ng the truth of its enti re premise. 

To prove a goa l, backward chaining inference mechan ism starts with and focuses on the 

conclusion of ru les and proves the goa l by matching them with the fact base [Parsaye and 

Chignell]. Most medical expert systems work by using the backward chaining process. 
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A backward chaining inference, also known as top down approach, begins with goal and 

look for evidence that supports the goal. In other words, the inference engine (the rule 

interpreter) tries to match the 'THEN' condition instead of the ' IF' condition, for 

example: 

To find out E from the fol lowing Rules , 

Rule I : ffO then E 

Rule 2: If C then 0 

Rule 3: If A and B then C 

Ru le 4: If A then B 

E as a goa l, we trace through the rules and we found an implicit rule 'if A then E'. Hence 

whenever A (the data) is true, it yields B and so on to give the final goal E. 

2.2.2 Forward chaining inference 

The same types of so lutions can be made through a forward cha ining inference 

mechanism. The difference is, in forward chaining a certain true situation triggers the 

action or consequent part of a rule [Wendy, 1988]. 

In some sense, forward chaining can be taken as the opposite of backward chaining since 

it focuses on the IF pari (premises of rul es) rather than the conclusions. For example, the 

set of rules 

If A and B then C (Rule I) 

If C then 0 (Rule 2) 

If 0 then E (Rule 3) yields a conclusion E for the given data A and B. 

This chaining of rules yie lding a certain conclusion is sometimes called a data directed or 

data driver inference. Since the data itse lf dri ve the inference from left to right in rules to 

generate a conclus ion. Accord ing to Wendy, the difficulty of a forward chaining comes 
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when the ru le base is very large and because of th is there will be a possibility to produce 

irrelevant reaction. 

2.2.3 Forward or Backward? 

The different chaining mechanisms are appropriate for different problem domains. For 

example, a forward chaining based medical system may suggest relevant treatment based 

on the patient ' s medical data. On the other hand, many diagnostic systems strive to meet 

a goal at every step of procedure. As a result they are often suited to backward chain ing 

techniques [Wendy, 1988]. 

According to Parsaye and Chignell, it is also possible to use the mixed strategy, forward 

and backward chaining, in contro lling inference. The idea is to find some way switching 

between forward and backward chaining methods to produce an alternative pattern of 

inference, which is more efficient than the above two. 'Financial knowledge based 

systems and many equipment diagnosis systems profit from the combined inference 

techniques. 

• The kllow/edge base- the knowledge base, which contains the problem solving 

knowledge for a particular application, is the heart of an expert system. There are a 

number of ways in representing the domain knowledge depending on the knowledge 

being represented and the expert system shell used. 

Semantic networks- thi s is one of the earliest explicit attempts for knowledge 

representation in artificial intelligence that reflect the psychological models of the human 

memory and drew on the relationship between knowledge and natural language to build 

structure in representing words. 

Semantic networks, as an early approach to knowledge representation, also introduced a 

number of basic concepts I ike inheritance of properties. Approaches to semantic networks 

rel y on two fundamen tal units : Nodes and Links. 

Nodes- which represent objects, concepts or events 

Links - which represent relations between nodes? 

16 



Semantic networks were popular in the I 970s, but today it is used in relatively few 

systems since they are unmanageable as the size of the KB increases [Parsaye and 

Chignell , 1988]. 

Another early approach to KR was based on production rules. In this approach the 

knowledge is represented as a series of IF- THEN rules. In a rule-based expelt system the 

domain knowledge is represented as a series of IF - THEN rules and is checked against 

the facts or knowledge of the current situation to generate a conclusion. The inference 

mechanism here checks the If part of the conditional statements for the current situation 

with the fact base and execute the THEN part of the rule in the knowledge base. Because 

rules are a straightforward method of representing expertise, they are used by different 

applications. One of the well-known earl y rule based expert system was MYCIN. 

Frames and scripts- another way of representing knowledge is through fi'ames and 

soripts. Frames and scripts represented one line of research on how to combine 

declarations and procedures with in a knowledge representation environment [Parsaye 

and Chignell , 1988]. A frame is a package of knowledge about an entity or concept. A 

number of frames having a complex package of knowledge can be integrated to construct 

hierarchies that can develop inheritances. But, according to Parsaye and Chignell , 

constructing knowledge using frames is a very challenging and complicated work since a 

frame doesn't have its own language. Scripts permit reasoning based on expectations on 

what should happen next. A script is an outline of a certa in event that organizes a set of 

actions and predicts the presence of acti vities . 

There are also other ways of representing knowledge such as the object oriented 

knowledge representation, which is closely related to frame and semantic networks, 

blackboard model of representing knowledge, which is forming a group of human experts 

qual ified in different fields to so lve a different problem, and so on. 

2.3 UNCERTAINTY 

We live in an uncertain world , any information we deal about may not be certainly true. 

In dea ling with uncertainty, we are not completely sure of a fact but we have to reason 
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out that the fact is "probably" true. In order to handle uncertain information, we first need 

sufficiently expressive means to represent it and then incorporate a reasoning component 

into our computing system in order to derive answers from the uncertain information 

[Hunter and Parsons]. In genera l, uncertainty can be expressed as the degree of belief in 

the fact or rul e. 

2.3.1 Sources of Uncertainty 

Generally, there are two ways 111 which uncertainty may be dealt with in the field of 

expert system: impel/eel domain knowledge or impel/eel ease dala. 

Uncerta inty due to imperfect domain knowledge implies the incomplete, insufficient or 

vague collection of domain. In such cases the knowledge itself is inherently imprecise, 

and hence the effect of actions may not always be predictable or con·ecl. A good example 

is the dec ision making process in most organizations, decisions can be made incorrectly 

because of the incompleteness of the organizations rules and regulations and the 

knowledge gap of the decision makers. 

The second case of uncertainty is due to imperfect case data. Case data may be imprecise 

or unreliable, i.e. , it is not always that the information is inherently uncertain; it is just 

that we don't have the information we need. When case data are partial or unreliable, 

even through the answers are availab le in the knowledge base, the answer may not be 

availab le in practice or it may be liable for inexact conclusions. 

2.3.2 Handling Uncertainty 

Several methods have been proposed by different literatures for dealing with uncertain 

information in expert systems. Once we know how U1icertainties are attached to 

knowledge in the knowledge base of an expert system, we should focus on the methods 

for dealing with unceliainty during inference. To handle uncertainty, some of the 

methods are probabilities, fuzzy logic, and celiainty theory . 
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EF). In such theory, each statement or rule has a certainty factor or degree of truth 

expressed in number between 0 and I . 

The well-known rule based medical expert system MYCIN used certainty factor. MYClN 

was designed to help the doctor to decide whether the patient has a bacterial infection, 

which organism is responsible, which drug may be appropriate for the infection and 

which may be used for the specific patient. A typical rule in MYCIN is: 

IF the identity of the genn is not known with cel1ainty. 

AND the germ is gram positive 

AND the morphology of the organism is "rod" 

AND the germ is aerobic 

THEN the germ is of type enterobacteriacae with certainty factor 0.8 

Here in the rule, the germ is aerobic with cel1ainty factor (CF) 0.5 hence the rule 

interpreter recommends a conclusion with high certainty factor. 

The cel1ainty factor associated with a conclusion is calculated from the certainty factor of 

the premises, the certainty factor of the rule and any existing certainty factor for the 

conclusions [Paul Lewis, 2003]. 

Since the computation of cel1ainty factor is totally modular, there is no need to consider 

any information that is not included in a rule. Therefore, we don 't care about the 

certainties of other propositions and how the certainty factor of the rules was derived. 

These things make the certainty theory famous and have practical advantages over the 

probabilistic approach. 

2.4 EXPERT SYSTEM APPLICATIONS 

Expert systems are computer programs which assist people in perfol111ing a wide variety 

of functions, including diagnosis, planning, scheduling and design, decision making, 

crisis management, etc. 
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A few expert system application areas written in diffe rent literatures include: 

o Accounting & finance - Focusing on POIifolio Construction, Financial Planner 

Training and Selection, Personal Tax Advisor, Credit Analys is Advisor, Bank Loan 

Identification, Loan Documentation, Assessment of Risk and Fraud in Financial 

Institutions, ... 

o Agricultural - Irrigation and Pest Control, Crop Variety Selection and Management, 

Soil Characterization and Utilization for Specific Areas, Fertilizer, Climate and Soil 

Interaction and Analysis, Species Selection, Forest Inventory, Soil Conservation, 

Planning and Design of Agro forestry Systems ... 

o Business - In areas such as Adverti sing Copy Development, Market Advisor for 

Process Control Systems, Demographic and Market Assessment, Product 

Performance Trouble-shooting, Sales Personnel Assessment, Salary & Benefit 

Planning, Professional Service Selection, Pension Fund Calculator. .. 

o Computer - Software System Diagnostic Modeling, Software Quality Assurance, 

Program Classification, Locating Component Failure & Analysis, New Technology 

Selection , Training Systems, Custom Hardware Diagnostics, Decision Support 

Systems, Fault Detection and Diagnostics of Wide Area Networks, Analysis of 

Statistical Data, Pcrsonal Computcr Configuration, Shielding Technique Selection, 

Computerized Technical Service Representation, Hardware and Software Selection 

by Non Technical Users ... 

o Many, many others - Telephone System Configuration, Training Material & Product 

Selection, Manufacturing Resource Planning, Production Schedu ling, Service 

Networking, Airline Scheduling, Cost/Benefit Analysis, Planning Implementation, 

Career Development, Quick Proposal Estimating, Credit Control, Product 

Development, Telephone Call Screening, Retirement Planning, Sales Analysis ... 

In general speaking, expert system is now more applicable and popular in many fields of 

study than the conventional computer programs since it is really more than a high level 

approach in solving problems. 
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2.4.1 Expert System and HRM 

Management problems require a knowledge based deci sion support system and a skill of 

managing. More over, it needs an interdisciplinary background combining soc ial science, 

business and behavioral sciences. Attracting the most qualified employees and matching 

them to the jobs for which they are best suited is important for the success of any 

organization. However, many enterprises are too large to pel1l1it close contact between 

top management and employees. Human resources, training, and labor relations managers 

and spec ialists provide this link. These workers have been associated with performing the 

administrative function of an organization, such as handling employee benefits questions 

or recruiting, interviewing, and hiring new personnel in accordance with policies and 

requirements that have been estab li shed in conjunction with top management. Today 's 

human resources workers manage these tasks and, increasingly, consult top executives 

regarding strategic planning. In a small organization, a human resources generalist may 

handle all aspects of human resources work, and thus require a broad range of 

knowledge. In a large corporation, the top human resources executive usually develops 

and coordinates personnel programs and policies, and in more general appropriate 

technologies like an expert based management system are in use by most organizations in 

the world. 

Knowledge based system applications are frequently implemented to capture, build and 

deploy human expertise. These objectives are c losely related to the functions and 

responsibilities of the personnel departments in most organizations. New skills and 

talents are required to develop and maintain knowledge based systems as most literatures 

stated, and personnel depal1ment staffs should be familiar with these factors to be able to 

sati sfy the requirements of the organization. 

The knowledge related to human resources can be organized in highly structured form to 

meet the requirements for making employment information received form the various 

sources up-to-date. This call s for the utilization of Artificial Intelligence and Knowledge 

Engineering methods to represent and infer with such knowledge; information and 

control flows of models and data; intelligent system technology to process and di splay 
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data [US. Department of Labor, 2000]. The domain spec ific knowledge used in decision­

making can be represented in symbolic or asymbolic format in the most explicit and 

formal manner. The knowledge representation scheme has been captured by means of 

logic. Different formal methods such as prepositional logic,- predicate logic, fuzzy logic, 

semantic networks, frames etc. and related techniques have been developed to represent 

various types of knowledge that can be used by expert systems in decision making and 

reasonll1g. 

2.5. SELF-LEARNING APPROACHES IN EXPERT SYSTEM 

A System can be said to be 'se lf learning', whenever an input in the form of a value does 

not find a corTesponding condition/antecedent in the rule detail , and it asks the result for 

the given input. Now if a value or combination of values is not as per the expected set of 

conditions for any value of the rule in the knowledge base, the system is unable to take a 

deci sion. The system di splays the new combination and asks for the corresponding value 

(rule) for the new input and adds this as a new rule in the rule master while adding the 

new set of conditions in the rule detail , for taking decisions for similar situations in 

future . 

The system should be flexible to accommodate additional parameters as and when 

required. At present, in the study undertaken, the designed expert system has considered 

basic parameters required to take a deci sion or support decision-making. 

One commonly used self-learning approach in expert system is incorporating Artificial 

Neural Networks Technology together with the knowledge base system. 

There are two approaches to training artificial neural networks - supervised and 

unsupervised. Supervi'sed training involves a mechanism of providing the network with 

the desired output either by manual ly "grading" the network's performance or by 

providing the desired outputs with the inputs. Unsupervised training is where the network 

has to make sense of the inputs without outside help. 

Many application systems utili ze supervised training. However, in the full- sca le of self­

learning sense, it is still just a shining promise that is not fully understood , and does not 

completely work in the area . An example is a combined artificial neural network and 
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expert system tool developed for transformer fau lt diagnosis. The knowledge base of its 

expert system is designed to include as many known diagnosis rules as poss ible. The 

topo logy and training data set of its artificial neural network (ANN) are carefull y se lected 

to extract known as well as un known diagnosi s corre lations implicitly. The combination 

of the ANN and ES outputs has an optimizati on mechanism to ensure high diagnosis 

accuracy for all genera l fault types. And sample test results show that the system has 

better performance than ANN or ES used independently. 

A new approach, known as case based reasoning, is also introduced to obtain proper 

concluding parameters based on old solutions. Case based reasoning views reasoning as a 

process of remembering one or a small set of existing instances or cases and basing 

dec isions on compari sons between the new situation and the old one. This study finally 

recommends that interested individuals can expand this expert based HRM system by 

incorporati ng such kinds of self-learning approaches. 

2.6. PROBLEMS AND LIMITATIONS OF EXPERT SYSTEMS 

Know ledge base systems have major potential benefits such as: increased output and 

productivity, decreased deci sion making time, capture of scarce experti se, flexibility, 

easier equ ipment operation, elimination of the need for expensive equ ipment and so on. 

To make an expert system successfu l enough, literatures suggest the following core 

points: 

o The level of knowledge must be suffic ientl y high 

o There must be (at least) one cooperative expelt in the domain area 

o The problem must be sufficiently narrow in its scope 

o The ES shell must be high qua lity, and naturally store and manipu late the 

knowledge 

o The system should have friendly user interface 

o The organ izational environment should favo r new technology adoption and so 

on. 

Apart from the above success factors in developing an expert system, there are also 

problems and limitations that hinder the effic iency of a knowledge base system. Some of 

them are I isted below: 

24 



)( Knowledge is not always readi ly available 

x Experti se can be hard to extract from humans 

)C Each expeli's approach may be different, yet correct 

X Hard , even for a highly skilled expert, to work under time pressure 

x Users of expert systems have natural cogniti ve limits 

)( ES work we ll on ly in a narrow domain of knowledge 

)C The vocabu lary of experts is often limited and highly technical 

x Knowledge engineers are rare and expensive 

)< Lack of trust by the end-users 

x Expert systems sometimes produce incorrect conc lusions, and the like. 

2.7. MEASURING PERFORMANCE OF AN EXPERT SYSTEM 

Evaluation of a know ledge base system is a multi-dimensional problem, with numerous 

approaches and techniques. The results generated by the system must be evaluated, along 

with its features , the usability of the system, how eas ily it can be enhanced, and whether 

or not it has a positive impact on the people who are using the system in place of an 

approach which is not computer based. The system's performance must also be evaluated 

in li ght of its intended use (Valerie Barr, 1998). 

A rule-based expeli system is usua lly tested by checking its performance on a number of 

test cases w ith known so lutions, and modifying the system until it gives the correct 

results for all or a sufficiently high proportion of the test cases. This method cannot 

guarantee that the rule-base ES has been adequately or completely covered during the 

testing process. One approach to testing of rule-based expert systems uses coverage 

measures to guide and eva luate the testing process. In addition , it checked domain 

independent properties of a knowledge base: redundant, confl icting and missing rul es. 

They do not necessari ly indicate faults in a particular system - they may be intentional or 

harmless - but they are suspicious and require carefu l examination. 

[n other words, evaluation of an expert system means checking the validation of the 

knowledge base in the system. Validation provides ev idence up on which users decide 
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whether or not a knowledge base system is rel iable. Thus validation ultimately 

determines the success or failure of a knowledge base system project. Va lidation 

techniques include two classes of test: verification test s (for example, whether the 

knowledge base of the system is consistent, according to some formal definition of 

consistency); eva luation tests (like, whether the system performs "reasonably", given that 

a certain percentage of test cases were processed as expected by the system. 

Before 1982, the field of knowledge base system validation focused up on pioneering 

expert system projects, including MYCIN. Typically validation invo lved running a set of 

test cases on a prototype system and evaluating the out put of the system (Alun D Preece, 

1998). Regarding this research work, the performance of the knowledge base has been 

evaluated based on a number of test cases taken from the organization. With respect to 

redundant and conflicting ru les, it works efficiently by giving reasonable conclusions, but 

it doesn' t give right conclusions for every case since the knowledge base is not large 

enough to accommodate all the rules. 
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CHAPTER 3 

HUMAN RESOURCE MANAGEMENT: AN OVERVIEW 

3.1 FUNDAMENTALS OF HRM 

The human resource management is not a field that exists in iso lation; it is part of the 

larger fi eld of study - management. Management in general is the process of efficiently 

ach ieving the objectives of an organization. It is natural that resources are limited, such as 

economic resources; and managers are responsible for the scarce resources to allocate 

effectively in achieving organization's goals. 

In the mid 1960s and before, primary job activities for the HRM department of an 

organization were planning company pi cn ics, scheduling vacations, enrolling workers for 

health-care coverage and planning retirement parties which are certainly changed in the 

past three decades [Decenzo & Robbins]. Today professionals in the area of HRM are 

highly prominent for the success of an organization and their duties is not as simple as 

scheduling vacations, but it extends from the recruiting and se lection of employee 

through training and development to the performance appraisa l activities. 

Increasing organizational size, complexity, and changing from traditional to professional 

management, socia l and cultural norm changes, globalization, availability of information 

technology, etc changed the profile of HRM functions. Today HRM managers are 

changing their primitive style to cope up with the ever growing technology based 

management system to optimize an organization's aspiration. [Saiyadain, 2004]. 

Human resource information system [HRISJ - is one of the emerging areas in human 

resources management today. It is defined as, according to Saiyadain, a composite of 

database, computer application and the necessary hard wares and soft wares for 

co llecting, recording, storing and managing, delivering and manipulating data for HRM. 
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Human resources professionals nowaday devote much of their time in collecting a large 

and detailed amount of information on: 

• The duties and responsibilities of every job in the organization 

• Employee skills and training needs 

• HR needs of the organization in the long run , and so on to increase the producti vity of 

an organization. 

According to sa iyadain , s ince it is possible to retrieve and process data very quickly, 

avo id dupli cation of efforts and ensures greater accuracy, the growth of computer 

technology strongly influences the HRM department of organizations to change their 

ancient paper driven method of operations to an appropriate technology based system. 

Today many of large organizations in the world have started using HRIS for the di fferent 

human resource management needs. 

With regard to technology, the problem of HRM system is similar to that of other 

management systems such as the decision support system (DSS). It is obvious that the 

essence of management in general is decision making, hence to get timely, accurate and 

goa l-oriented human resource decision; an organization should use the integrated 

approach to expert system that can change the very nature of decis ion making process 

and the managerial practices of the organization (Gaddissa, 1996) 

Among the different activities (sub areas) of HRM , the major ones are recruiting and 

selection, training and development, and employee perfom1ance eva luation . 

3.2 RECRUITING AND SELECTION 

Human resource management encompasses a number of practices aimed to attract, 

develop, reward, motivate and integrate employees. But practices differ in different 

organizations depending on the organization 's goal. However studies assure that there are 

common HRM practices that deliver effecti ve results in all types of organizations. Some 

of them are: 
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• Financial incentives for exce ll ent performance 

• Rigorous se lection and se lectiv ity in the recruiting 

• High investment in training and skill development 

• Promotion of employee, and so on [S.R.Kandula, 2004] 

Recruitment and selection are major acti vit ies in staffing an organization. According to 

Bateman and Snell , recruitment activities help to increase the pool of the candidates that 

are going to be se lected for a job. Hence recruitment is the process of attracting people to 

apply for a vacancy announced to a large number of people, and it is the first stage of 

se lection. 

The need for recruitment arises from two si tuations: 

L Vacancies due to transfer, promotion, retirement, termination, permanent disability or 

death. This is caused by mobility of human assets. 

II. Creation of vacancies for the purpose of staff expansion, di versification, due to growth 

or job reclass ificat ion. This is caused by the growth of bus iness in the organ ization 

[Saiyadain,2004]. 

3.2.1 T he Selection Process 

In the overa ll selection process, after the stage of recruitment, the next is of course 

screening. But screening is mostly inc luded in the process of selection as the first initial 

step. Screening is a better preprocess fo r selection that is important in reducing the 

number of applicants. The process of screen ing is generall y done under two clauses -

eligibility and suitability. 

~ Eligibility is to check whether or not the applicants fulfi ll the m1l11mUm 

qualification/criteria set by the organization. Those applicants who do not qualify will 

immediately discard from the se lection . On the other hand, to decide on the criteria, 

suitability is a very difficu lt task, a high percentage of marks cannot be a guarantee 

29 



for good performance. Those who are distant from the job specifications, whatever 

their marks, are better to be screened out first. 

There are different methods for screening, such as : 

Preliminary applicants - screening based on minimum information 111 a preliminary 

(Self-prepared) application . 

Tests of deselection - it is a common practice to cut - off large number applicants. 

Researchers suggest that the cut - off point is determined as the number of vacancies 

multiplied by four since it is believed that one to four ratio for selection gives enough 

margin for choice. 

Screen ing interview - a short duration interview to se lect those who should be asked for 

the next comprehensive interview. 

Selection is choosing a few from those who applied for a vacancy. It is a decis ion about 

whom to hire [Bateman and Snell, 1999]. According to Bateman and Snell, the major 

selection instruments are the following: 

Interview - is one of the most popular selection tools that most organization uses. 

However, interviewers are recommended to be careful for what and how they ask, 

questions that are not job rel ated could not be asked. Depending on the nature of the job 

position and the purpose of the interview, different methods of interviewing can be 

conducted: structured interview, unstructured interview, depth interview, etc. 

Reference checks - is another commonly used selection device. Although it is one 

method of se lection that gives sense for the employer, it is also becoming difficult to 

obtain and know the reality of reference information today. 

Personality tests - these are not popular in many organizations since personality tests are 

very difficult to meas ure and also to defend. 

Drug testing - Drug testing and genetic testing are specific selection tools for applicants 

who are not allowed to take illega l drugs. 
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Cognitive ability tests - these are among the oldest employment selection devices that 

measure the intell ectual ab ilities of applicants including verbal comprehension and 

numerica l aptitudes. 

Peljormance tests - are the most widely used se lection device that tests the eligible 

app licants to perform a sample of the job they are applying for. Secretarial, clerical, 

teaching, and related techn ica l positions practice such type of se lection dev ice. 

In general, the se lection process follows a standard pattern from the initial screening to 

the fina l employment decis ion. Based on the applicants ' background, abilities and 

motivation, decision makers will make a final choice on hiring employee. The flow of 

these activities is shown in the figure be low [Decenzo and Robbins, 1998] 
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Fail ed to meet minimum qU'liifica ti ons , 
l Initial screening J 

Passed 

Failed to complete applica ti on 

Or fai lediob specifica tion 
i Completed appli cation I 

Passed 

Failed test 

I Employment test I 
Passed 

Failed to impress , 
Comprehensive interview 

Passed ~: Conditional job offer I 

In terviews 

Problem encountered 
Background examination ....................................... 

(if required) 

Passed 

I Reject applicant I Medical / physical examination 

t (If required) 

Unfit to do essential 

elements of job. Able to perform essential 

elements of job 

I Permanent job offer ....... ................................. .. ... ..... .. 

Figure3.l The selection process. 

Under the comprehensive approach , it is recommended that all the steps given in the 

process diagram should be completed before a hiring deci sion. 
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3.2.2 Reactions to selection devices 

The differen t tools for selection process are discussed above, based on the above 

se lection tools an applicant will be accepted or rejected and at the same ti me managers 

give their dec ision on the selection process. Therefore one important question in the 

selection process is "How do app licants and managers respond to the se lection method?" 

This question is a determining factor in the methods and reasoning of the selection 

process. 

Applicant reactions to selection devices : Applicants demand fair selection devices and 

their reaction to selection methods can influence their attraction and va lue to an 

organization. For example, most app li cants believe that personality traits are not job 

rel evant and they a lso respond negatively for cogniti ve ability measures. 

Manager reactions to selection systems: on the other hand managers need a quick, easy 

and goal oriented selection system that de liver the required resu lt for the organization . 

Researches suggest that an organization shou ld balance the traditional measures of 

reliabi li ty and va lidi ty with the applicants and managers reactions in determining the use 

of selection methods [L.R. Gomez - Mejia, 2003). 

Hence, in the process of se lection what have to be considered are the quality criteria 

which are assumed to be representative fo r most applicants and the organization's goal 

too. 

3.3 EMPLOYEE TRAINING 

Among the differen t activ ities in HRM, training and development is the one. To up grade 

the ski lls and performance of employees and managers, training is paramount. In other 

words, the main objective of training, as stated by Saiyadain, is to estab li sh a match 

between employee and his/her job. The productivity of an organization is main ly 

dependent on the ski ll s, knowledge and attitude of employees. 
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Training has different phases: 

Phase one: Need assessment 

Analysis should be conducted on the jobs and employees fo r which training is necessary. 

Phase two: Design 

Based on the needs assessment, the training program will be des igned with its contents 

and objectives. 

Phase three: Decision on tra ining method 

Training can be calTied out either on-the-job or oiFthe-job depending on the nature and 

objectives of training. 

Examples of on-the-job training include job rotation, apprenticeships, and internships. 

Where as off-the-job training, which is an effective alternative of on-the-job training, 

includes formal courses, simulations, and role-playing exercises. 

Phase four: evaluation 

The final stage of training is eva luating the program 's effectiveness 111 tenns of the 

employee reactions and their reflection of the training on their job. 

Training and development are, of course, used in conjunction for the success of an 

organization, but the two terms are not synonymous. Training typica lly focuses on 

enhancing individuals ' skill s where as development focuses on future job of the 

organization. Gomez-Mejia, 2003, summarizes their difference as follows : 

Table3.1 Training vs. Development 

Training Deve lopment 

Focus Current job Current and future jobs 

Scope Individual employees Work group or organization 

Time frame Immediate Long term 

Goal Fix current skill defi cit Prepare for future work demands 
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3.3.1 Training and Equal Employment Opportunities (EEO) 

One of the most important HR issues is the equal employment opportunity (EEO). This is 

the one that mostly affect the managers' day-to-day behavior on decision spec ially in 

countries like Ethiopia , the EEO laws are almost forgotten and everything in HR 

acti vities, including selection and training measures, are done through the control of the 

managers. 

It is globally accepted that employment decisions should not be based on characteristics 

such as race, sex, age, religion or di sability. The EEO laws cut across almost every other 

issue in the HR practices. The major EEO laws are: 
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Table3.2 U.S.EEO Laws 

Act Major provisions Enforcement and remedies 

Equal Pay Act ( 1963) Prohibits gender-based pay Fines up to $ 10,000, imprisonment up to 6 

discrimination between two jobs months, or both: enforced by eq ual 

substantially similar In skill , employment Opportunity commISSiOn 

effort, responsib ility, and (EEOC); private actions for double damages 

working conditions. up to 3 years wages, liquidated damages, 

reinstatement, or promotion . 

T itle VII of Civil Rights Act Prohibits discrimination based on Enforced by EEOC; private actions, back pay, 

( 1964) race, sex, co lor, religion, or front pay, reinstatement, restoration of 

national ongll1 IJ1 employment .seniority and pension benefits, attorneys fees 

decisions: hiring, pay, working and costs. 

conditions, promotion, discipline, 

or discharge. 

Executive Orders 11 246 and Requi res equa l opportunity Estab lished Office of Federal Contract 

11375 (1965) clauses IJ1 federa l contracts; Compliance Programs (OFCCP) to 

prohibits employment investigate violations; empowered to 

discrimination by federa l term inate violator's federal contracts. 

contractors based on race, color, 

religion, sex, or national origin. 

Age Discrimination in Prohibits employment EEOC enforcement; private actions for 

Employment Act ( 1967) discrimination based on age for reinstatement, back pay, front pay, restoration 

persons over 40 years; restricts of seniority and pension benefits; doub le 

mandatory retirement. unpaid wages for willful violations; attorneys 

fees and costs. 

Vocational Rehabili tation Act Requires affirmative ac tion by all Federal contractors must consider hiring 

(1973) federa l contractors for Persons disabled persons capable of performance after 

with disabil ities; defin es rcasonable accommodations. 

disabil ities as physical or mcntal 

i mpa i rments that substantially 

limit life acti viti es. 
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Even though EEO is most reverent in hiring processes, it also affects other HRM 

activities li ke training, selection and promotion. It is the responsibility of the organization 

to ensure that selection, training and promotion criteria are purely job related. If, for 

example, some protected groups frequently fail to pass training programs than the 

majority group, thi s might indicate dissimi larities in the training criteria and selection 

process, which is against EEO. 

3.4 EVALUATING EMPLOYEE PERFORMANCE 

Performance evaluation is the core means to the success of an organization. Two decades 

ago, performance evaluation was designed mainly to give feedback to employees how 

they had done their work and what pay raise they would be getting, but today 

performance eva luation should also address deve lopment and documentation concerns 

[Decenzo & Robbins, 1998]. 

Bateman and Snell, 1999 also write it, as performance appraisal (PA) is the assessment of 

an employee's job performance based on two basic purposes: 

I. It serves an admin istrative purpose in providing inforn1ation about salary making, 

promotion and lay off decisions. 

II. It serves a development purpose to diagnose training needs, career planning and the like 

Therefore performance appraisal is the key activity in the development and existence of 

an organization. 

3.4.1 Performance Appraisal and EEO 

Since PA is an integral part of most organizations, it should properly be developed and 

implemented to achieve the goals of an organization. 

The EEO laws strongl y requires the HRM practice of an organization to be free from 

personal bias, this means performance evaluations must be objective and job related , 

reliable and valid, and should measure reasonable performance success (Decenzo and 

Robbins, 1998) 
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The most common sources of information used frequently by managers to measure actua l 

performance are personal observation, statistica l reports, oral reports and written reports . 

These sources of information are also used in our country Ethiopia, but the dec ision is not 

actua ll y based on the information. Hence, to avo id managerial bias, technology based 

means of measuring eva luation could be a good alte l11ati ve. According to Decenzo and 

Robbins, the apprai sal process has six major parts shown in the figure be low: 

Establish perfo rmance standards with employees 

Mutually set measurable goa ls 

• 
Measure actual perfo rmance 

• Compare actual perfo rmance wi th standards 

Discuss the appraisa l with the employees 

• It necessary, in itiate corrective action . 

Figure3.2 the appraisal process 

~ Benetits of performance appraisa l 

Some of the benefits from a good P A are: 

From employer perspective: 

• 

• 

• 

Despite imperfect measurement techniques, indi vidual difference in performance will 

make a difference to organization'S perfo rmance. 

Documentation ofPA and feed back may be needed fo r lega l defense 

It provides a rational basis fo r a bonus or merit system, and so on 
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From employee perspective: 

• 

• 

Performance feed back is needed and desired for future improvement. 

Improvement in perfonnance needs an assessment 

• Assessment and recognition motivate workers and soon. 

3.4.2 Factors affecting appraisal 

The perfolmance evaluation system 111 general should be free from personal bias 

according to EEO laws. But since it is not possible to make the performance evaluation 

complete ly error free, some organizations minimize those errors 1 ike the personal bias on 

the basis of objectivity measures. 

On the other hand, even though objectivity mlJ111l11ZeS the dysfunctional behavior of 

evaluators, it may also be harmful to the achievement of organizational goa ls. Thus it is 

recommended to use direct performance criteria, which are measurable and reasonable as 

much as possible. 

A complete error free performance appraisal is an ideal case; this is because of the 

barriers that stand in the direction of managers decisions. Some of the barriers are: 

• Rater errors and bias - which are the consistent biases on the part of the rater. 

• The influence of li king 

• Organizational politics 

• Whether to focus on the individual or the group. 

• Legal issues, etc. 

3.5 HRM SYSTEM PRACTICE IN ETHIOPIA 

Th.e human resource management department in the Ministry of Capacity Building is 

performing different activities under the control of the Federal Civil Service Commission 

of Ethiopia. In line with the global practice of HRM, some of the HRM practices 
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performed at the ministry of capacity building in Ethiopia include employment, employee 

transfer, career structure, performance evaluati on, training, and others (HRM training 

manual , 2004). 

In the actual case, the big problem of HRM practice In many of the organizations in 

Ethiopia is implementation. Even though such activi ties are undergoing in many 

organizations of the country, their implementation is with out the knowledge of the 

employee most of the time. 

On the other hand, spec ificall y the selection, gIVIng training opportunities and the 

measurement of perfonnance evaluation are influenced by the government politics and 

willingness of the managers. 

In general , most of the HRM practices in our country are not free from personal bias, this 

is to mean that managers have the "right" to select or deselect an employee with out 

considering the criteria set for the selection process. Hence, the implementation is poor 

even though the measurement criteria for each activity are li sted on paper. Moreover, the 

activities are totally manual which are done by committees developed at each step in the 

process of the HRM activities, and this Ii ah le to the influence ofliking. 

In addition to the above, the decision of selecting an employee for training / or an 

applicant for a job requires an extensive information on applicants, like qualification, 

expenence relation, education type, education level and relevancy, performance 

eval uation, etc. Depending on this information and the requirement _ set by the 

organization, decision will be made by the selection and training committee of the 

organization, which is difficult to take each measuring criteria into account. 

3.5.1 Analysis of the Existing System 

As stated above, the practices of HRM activities exist in most of the organizations of 

Ethiopia with certain implementation deficiency. 
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Regarding the ministry of capacity building, the HRM office (Civil Service Personnel) is 

responsible for those activities. The activities have been done manually through di fferent 

committees and this manua l practice has severa l problems. Some of the problems are: 

Regarding selection: 

Selection of employee with qua li fication different from the one stated on the vacancy. 

Taking applicants with irrelevant experience, those with under qualified lover 

Qualified status 

Preparing a low standard and on ly one type of measurement, like interview only. 

Problem of setting minimum criteria 

Problem of decision for selecting and li sting of wa iting employees, and so on. 

Regarding training: 

Avoid ing some target groups 

Specifyi ng additional criteria to help some selected individuals 

Giving opportunities for those who do· not fulfill the minimum criteria, and the like. 

And regarding to the measure of peljormance evaluation, some of the problems li sted by 

a study at the ministry of capacity building civil service commission includes: 

Filling the performance with out the knowledge of the employee 

Giving unwanted and unreasonable rating (like good for one employee III all 

measures and excellent for other employee) 

Including criteria which are difficult to measure, like "job initiation" 

Problem of human elTors like the Halo effect, i.e. tendency to influence the evaluation 

of other traits because of one trait, and so on. 

To sum up the problems faced on the existing system, the organization is better to have 

measurable criteria for those activities and should change the manual way of 

documentation in to a data base system which is convenient for the use of expert based 

HRM practice. Moreover, the employee-employer relationship must be close in achieving 

the organization's goa l, establishing the standard cri teria measures, discuss the appraisal 

problems, etc. 
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CHAPTER 4 

THE KNOWLEDGE BASE 

4.1 INTRODUCTION 

The knowledge base is the heatt of any expert system app li cations. It is the co ll ection of 

knowledge in the domain area through different methods of acquiring and representing 

knowledge. Similar to traditional databases, it stores information, but the knowledge base 

differ significantly from the conventional database in the types of information it stores , 

the types of interrelationships between data, and the kind of training needed for the 

person represented to update the stored information. 

Knowledge bases, specifically stores cause and effect knowledge, rul es, and probabilistic 

information. The two most crucial stages in developing a knowledge-based system are 

the knowledge acquisition and knowledge representation. 

4.2 KNOWLEDGE ACQUISITION 

Knowledge acquisition is the process of acquiring the domain knowledge from different 

sources and transferring such problem solv ing expeltise to a program. Mainly the 

knowledge acquisition process is done through di scuss ion with experts, and additional 

knowledge is also collected from different manuals, guidelines and relateGl written 

documents. 

4.2.1 Knowledge Acquisition Methods 

The knowledge acquis ition process involves knowledge elicitation and ana lysis and 

interpretation of knowledge from experts. The different kinds of knowledge may require 

a variety of techniques drawn by the knowledge elicitation, some of the techniques 

include, introspection, direct observation, structured interviews, case hi stories of 

reference works, verbal protocol analysis, discourse analysis, multi dimensional sca ling, 

and concept sOlting Iclassification (Richardson, 1995). 
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• [ntrospection- a method in which the expert serves as the knowledge engineer that 

interviews himse lf and writes down the process 

• Direct observation - refers that the knowledge engineer observes the expert in the 

day-to-day work environment. 

• Structured alld ul/structured interview - the most familiar technique to quickly 

generate a lot of knowledge from domain experts 

• Case histories or studies - fam iliar method in wh ich knowledge is generated from 

• 

case hi stories (literatures) of the domain 

Verbal protocol analysis - s imilar to observation but here the expert is asked to give a 

verbal report whil e so lving a set of problems. 

• Discourse anaiysis- refers to develop ing the expert's analytical model by reading 

literatures. This is a good method onl y if the domain is we ll understood and compiled. 

• Multi dimensional scaling - is sorting the concepts identified under protocol anal ys is 

in to a number of multi dimensiona l sca les. 

• Concept SortinglClassijication- a more general and complex method uSll1g a 

combined procedures like building in itial set of concepts, writing one concept per 

card and ask an expert to sort them and so on. 

For the purpose of thi s research, the primary sources of knowledge are the training and 

selection procedure gu idelines prepared by the Civil Service Commission of Addis 

Ababa and the HRM expel1s at the ministry of capacity bui lding, and the know ledge 

engineer is responsible for acq uiring the relevant knowledge fi'om those sources through 

different mechanisms. 

For the process of knowledge acquisition , detail di scuss ions were held with chief 

personnel department officers of the ministry of capac ity building and additiona l 

knowledge were co llected fro m printed sources and manuals . The personnel are selected 

because of the ir experience and education . 
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Depending on the nature of the problem, there are two basic strategies of knowledge 

eng1l1eer1l1g, 

i. Top-down (deductive) strategy 

ii. Bottom-up (inductive) strategy 

In top-down approach, the knowledge eng1l1eer interviews (both structured and 

unstructured) the expert through frequent meetings or asks him/her to fill a questionnaire. 

Such approach stm1ed from general concept leading to particular and detail topics of the 

domain. 

In bottom-up strategies the knowledge engineer will make the expert to focus on specific 

cases and goes on to genera lize them. The common examples on this approach are 

protocol ana lysis and observation (Ibrahim.1999). Different literatures argued that 

interview and protocol analys is are the most widely used methods of knowledge 

acquis ition in general. Under thi s research, a top-down approach of knowledge 

engineering is employed through a detail di scussion (using structured and unstructured 

interview) with experts. 

4.2.2 Knowledge Modeling 

After having concepts di scovered through interviewing of experts and studying the 

procedural guidelines, the acqu ired knowledge is structured to build a model of the 

domain us ing a hi erarchical tree structure. In such method, since top-down method is 

employed, a goal is located at the top level of the hierarchy that goes down to the factors 

determining the decision of the goal. 

4.2.2.1 Decision tree in selection 

In the process of se lection, eligibility is done according to the tree structures given below 

and the deci s ion tab le is also given in table4 .l as follows: 
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Table4.l Decision table for eli gi bility 

Condition Action 
Adequate GPA Education Experience El igible 
education level 
Yes < 2.50 NR - No 
Yes < 2.50 R N R No 
Yes < 2.50 R R Yes 
Yes < 2.50 N R NR No 
Yes < 2.50 NR R Yes 
Yes < 2.50 R - Yes 
No - - - No 

Where NR-Not Relevant R-Relevant 

The structure for checking eligibility in selection has different parameters, such as 

adequate education leve l, education relevancy, experience relation etc. and is given in 

figure4.l below: 

No 

Eligible is no 

NO! relevant 

Eligible is no 

Eligible 
is no 

Adequate 
education level 

<: 2.50 

Yes 

~ 
~ >~2.50 

Education 
Education 

Relevant 

Relevant 

Experienc 
e re lation 

Not relevant 
Eligible 
is yes 

Not 
Re l cvant~-~~ 

El igible 
is yes 
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Figure4.! Decision tree for checking Eligibility in selection 

Experience relation is one of the parameters for deciding eligibility in selection. Its tree 

structure is also given below: 

Direct 

Relevant 

Experience 
relation 

Indirect 

Relevant 

No Relation 

Not Relevant 

Figure4.2 Decision tree for experience relevancy 

In similar fashion, the tree structures for all the attributes are designed in such a way that 

they are easy to be written as a rule structure in the knowledge base. 

The other attribute in the process eligibi lity checking is adequate education level. This 

attribute has different sections; the following is decision tree for checking adequate 

education leve l in the different job grades: 

Figure4.3 below is tree structure for checking adequate education leve l for job grade 

"PS I" 

Education Level 

Over qualified 

~ 8 -o-v~ef-r q-l-la-h-fi-ed-

MA PHD 

Figure4.3 Decision tree for adequate education level (job grade "PS!") 
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Similarly, the tree structure for job grade "PST' is given below: 

Education Level 

BA MA 
Eng ineering or law 

Experience 

=2 

D 

Over 

"Yes" means educate education 
Level is "yes" and "No" 
Otherwise 

Figure4.4 Decision tree for adequate education level Uob grade "PS2") 

And the third sub section of the job grade in checking adequate education level is "job 

grade PS3" in which its tree structure is given by fi gure4.S 

Education level 

MA PHD 

Engineering or law 
Engineering or law 

Yes 

Experience Experience 
Experience 

Figure4.S Decision tree for adequate education leve l Uob grade "PS3") 
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In the process of employee selection, the minimum requirement, education level and base 

sa lary is c lassi fied by the civ il service commission of Ethiopia, and the job class ification 

is given below: 

Table4.2 Job class ification in Ethiopia. 

Classil1cation Grades 

Professional and sc ientific service (PS) PSI - PS9 

Administrative service (AD) AP I - AD9 

Sub professional service (sp) SPI - SPI2 

Cleri ca l and fiscal service (CF) CF I - CFI2 

Trades and crafts service (TC) TCI - TC 10 

Custodial and manual service (CM) CM1-CM5 

For instance, the job classified under AD4 (Administrative service grade 4) has an initial 

base sa lary of Birr 895 with the fo llowing minimum requirement: 

Co llege Diploma and 6 years of re lated experience or 

12 + 3 and 6 years experience or 

12 + 4 and 4 years experience or 

Bachelor degree in related field and 2 years experience or 

Masters degree in related field and 0 years experience 

The job classified under PS3 (Professional Science grade 3) has an initial base salary of 

bin 1040 with the following minimum requirement: 

Bachelor degree with 4 years experience or 

Masters degree and 2 years experience or 

Doctorate degree and 0 years experience or 

Bachelor degree in Law or Engineering and 2 years experience or 

Masters degree in Law or Engineering and 0 years experience 
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4.2.2.2 Decision tree in training 

Similarly, for the acceptance of training, the decision tree and the dec ision table are given 

below: The dec ision tree given by figure4.6 shows the process of screening employees 

for a training to be given by the organization 

Education type 

Not related / Directlv related 

Indirectly elated 
Experience 

OPA 

Not releva relevant 
<2 .0 ~2.0 

orA 
Experience Performance 

Performance "IA [ t relevant 

"IA 
<3. >~3.45 relevant 

"IA • 
Performance NA 

<3 .4 ~3 .45 

For directly related education type, the above dec ision tree is expanded below: 

~lIcation ry~f------"-Dllir!re!cc!ltl*)' ____ ( 

~. .~ related 
<2.0;--'-"-->< >~2.0 

Performance 

<3 .45 

Where NA means applicant is not accepted for training 
A means app licant is accepted for training 

Figure4.6 Decision tree for training Acceptance 
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The abo ve tree structure for training acceptance can al so be given in table form below 
(table4.3) which makes the production of rules very easy. 

Table4.3 Decision tab le for training 

Condition Action 
Education type GPA Experience Performance Training 
Indirect <2.0 Relevant < 3.45 NA 
Indirect <2.0 Relevant >=3.45 A 
Indirect < 2.0 Not relevant - NA 
Indirect >=2.0 - <3.45 NA 
Indirect >=2.0 - >=3.45 A 
Direct <2.0 - <3.45 NA 
Direct <2.0 - >=3.45 A 
Direct >=2.0 - - A 
Not related <2.0 Relevant NA 
Not related >=2.0 Relevant <3.45 NA 
Not related >=2.0 Relevant >=3.45 A 
Not related - Not relevant - NA 

NA-Not Accepted A-Accepted 

Education type is one parameter in the process of screening applicant employees for 
training, the tree structure given below is useful in deciding education type as direct, 
indirect or not related 

The same 
group 

Education type 
is direct 

Proress ion 

The same broa 
group 

Education type is ) 
indi rect 

Not related 

Education type is not 
related. 

Figure 4.7. Decision tree for deciding education type. 

In deciding education relation , the same group means the profession of the employee is in 

the same group to the training type which is going to be given. 
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The major processes 111 the se lection and training procedure under the ministry of 

capacity building are: 

• Screening applicants that meet the minimum requirement (eligibility criteria), and 

• Selecting the best candidates. 

The procedures for the selection and training process are the same in most organizations. 

4.3 KNOWLEDGE REPRESENTATION 

This section focuses on representing of knowledge developed uSlllg the top-down 

approach in the previous section . Knowledge representation concerns the different ways 

in which the co ll ection of domain specific inforn1ation ai·e organized and processed 

[Boden, 1996). It is one of the major problems in bu ilding an expert system so that 

computer understands the knowledge represented by the knowledge engineer. 

4.3.1 Knowledge Representation Methods 

There are severa l methods used to represent knowledge in building a knowledge base, the 

most widely used knowledge representation techniques includes sernanlic networks, 

frames and rules. 

o Semantic networks 

Collecti on of facts like "a causes b", " b is a kind of c" and "d can be used to treat c" have 

a close rel ationship with semantic networks. Originally, semantic networks were 

deve loped to represent meanings of Eng lish words [Allison Cawsey, 1998]. 

Semantic networks are a method of knowledge representation about objects and relations 

between objects in a graph structure. The nodes of a semantic network represent concepts 

and arcs represent relationships. An example of a semantic network is given below. 

51 



Animal 

Mammal Head 

S UbC~ 

8 
Sub class 

has pat1 

Sub class 

Large Elephant J-_C_O_lo_u_r_.E) 
Size 

Instance 
Instance 

Likes 
Apples 

Clyde Nellie 

Figure4.8 Sample Semantic Networks 

The above semantic network typically represents the fact that mammals and reptiles are 

animals, an elephant is a large and gray mammal and specifically Nellie is an elephant 

likes apples. From these relationship types, it is poss ible to say that semantic networks 

use the principles of inheritance, for example Nellie inherits all the properties of its 

parent class - Elephant. Semantic networks mostly used to represent knowledge about a 

specific community, like mammal , as precise ly as possible and it is diffi cult when there is 

multiple inheritances between objects in the knowledge. 

o Frames 

Frames are variants of semantic networks that are popular way of knowledge 

representation in an expel1 system development [Allison Cawsey, 1998]. In frame based 

knowledge representation, all information relevant to a particular concept is stored in a 

single complex entity called a Fame, and each frame wi ll have a number of objects, 

properties (s lots), etc that inherit some behavior from their top class. 
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Semantic networks and frame based knowledge representation are closely related. Nodes 

in semantic networks are objects in frame system; li nks become slots and so on. The 

choice of the two representation techniques is largely dependent on the way the 

information is visuali zed. An example of a frame for the elephant sub class of a mammal 

is given below 

Mammal: 
Subclass 
Has part: 

Elephant: 
Subclass: 
Color: 
Size: 

Nell ie: 
Instance: 
Likes: 

Animal 
Head 

Mammal 
gray 
large 

elephant 
appl ies 

Figure4.9 Elephant Frame 

Both the semantic network and frame based knowledge representation techniques uses 

the principle of inheritance, pointers between nodes and links, and they are much related 

to record data structures. And since frame based systems grouped re lated knowledge 

together, they are good in organizing knowledge in a manageable manner than rule based 

system do. 

o Rules 

Rules are the most applicable and relatively easier way of knowledge representation in 

the development of an expert system. A rule-based system consists of a set of IF-THEN 

rules, a set of facts and an interpreter contro lling the application of the rules, given the 

facts. 

An example, illustrated by Cawsay 1998, explaining the situation is given below: 
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Control Scheme (Interpreter) 

Condition - Action Rule Database of Facts 

IF alarm - beeps THEN 
- alarm - beeps 

ADD smoky 
- hot 

IF hot AND smoky THEN 
ADD fire 

IF fire THEN 
ADD switch - on - sprinkler 

Figure4.10 Rule based system architecture 

Here the interpreter is either a forward chaining or a backward chaining system. 

A rule - based system gives more flexible and sometimes it allows arbitrary procedures 

with in the rules. The knowledge represented as a set of IF - THEN rules are more or less 

independent or condition - action rules. In this research, the rule based knowledge 

representation system is employed and how the knowledge has been represented through 

a rule-based expert system using the knowledge pro Gold is shown in the sample below 

Sample rules for eligibility in selection: 

if adequate education level is no 

then Eligible is NO. 

if education level is yes 

and GPA is <2 .50 

and education is not relevant 

then Eligible is NO. 

if education level is yes 

and GPA is <2.50 

and education is relevant 

and experi ence relation is not relevant 

then Eligible is NO. 
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if education level is yes 

and GP A is <2.50 

and education is rel evant 

and experience relation is 'relevant 

then Eligible is YES. 

Sample rules ji-om screening for training: 

if education type is not related 

then Training is NOT ACCEPTED. 

if education type is indirectly related 

and GPA is <2.00 

and performance is <3.45 

then Training is NOT ACCEPTED. 

if education type is indirectly related 

and GPA is <2.00 

and performance is >=3.45 

then Training is ACCEPTED. 

if education type is indirectly related 

and GPA is >=2.00 

then Training is ACCEPTED. 

On the other hand, according to Cawsey, frames and semantic networks are useful in 

representing declarative type of knowledge about objects / concepts related to each other, 

specifically where there is a clear class hierarchy, and clear inheritance to infer class and 

sub class. But they are unlikely to be good to draw a wide range of inferences, and not 

just inferences based on inheritance. In such cases logic based approach is powerful. 

Moreover, literatures add some more methods of knowledge representation like 

propositional logic, predicate logic, processes and scripts. 
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4.4 THE EXPLANATION FACILITY 

Most expert systems have explanation facilities that allow user to ask why a question is 

asked and how the system reached a conclusion. The system will answer those questions 

based on its goa ls, the rules being used, and any ex isting problem data [Alison, 1994] 

The explanation facility of an expert system just mentions the exterior/surface knowledge 

programmed in the rules rather than the deep knowledge about the domain area, that 

means the system will say that the action is concluded to be, say, 'a' because of rule 35, 

but it will not explai n the whole idea of rule 35.An example, by Ali son (1994), is given 

below: 

System: Is there gas in the fuel tank? 

User: Yes. 

System: Is it true that the engine turns over? 

User: No. 

System: Is it true that the lights come on? 

User: Why? 

System: I am trying to prove: problem with battery. 

It has been establ ished that it is not the case that the engine turns over. 

Therefore if it is not the case that the li ghts come on then there is a problem 

wi th battery. 

Is it true that the lights come on? 

User: No. 

System: I conclude that there is a problem with the battery. 

User: How? 

System: This follows from Rule 2 ..... 

In this research the ' How' feature is incorporated in the prototype in such a way that the 

main criteria used to measure employees in the se lection and training process are go ing to 

be explained. This feature gives explanation to the user on how the system reaches a 

dec ision based on the information feed by the user. 
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CHAPTER-S 

DESIGN AND DEVELOPMENT OF THE PROTOTYPE 

This chapter deal s with the design, testing and evaluation mechanisms of the system. The 

chapter al so presents results of the prototype based on sample data given to the system. 

5.1 USER INTERFACE 

The user interface is the first window di splayed to the user to interact with the system. It 

displays the topic of the research work with three buttons linked to the successive 

working windows-The Next button, Help button, and Exit button. 

AN EXPERT BASED 

HUMAN RESOURCE MANAGEMENT SYSTEM 

IN DEALING WITH SELECTlON,TRAINING AND 

PERFORMANCE EVALUATION MEASURES (EBHRMS) 

Next Help J Exit 

Figure5.1 The main window 
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5.1.1 T he selection module 

Cl icki ng the se lection button displays the fo llowing seri ous of questions based 

on the information feed by the user 

a. What is your job grade? 

The window disp lays this question with its choices given below 

"""." " th" I .. .. "'.d" """ ..... ..... M "" '0." 
- ... ... .. , .h .. .. "" . ..... ...... " .>s ...... on .... " ............ ' .. n .. . O,,' .. n ee 

Figures.3 Question window I 

Clicking one of the choices for question 'a' opens another window containing the next 

consecuti ve questi on. 

b. Indicate your education leve l 

Ind le.'e you, edue .Von level ple • • e? 

Figures .4 Question window 2 
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5.1.1 The selection module 

Clicking the selection button displays the following serious of questions based 

on the infonnation feed by the user 

a. What is your job grade? 

The window di splays this question with its choices given below 

......... . I • • h .. , .... " ....... y<>u .......... ..".. ........ 1' 
-N .... : ..... bb .............. PS toO ........... Po .. , ••• , ..... , .. " , .... " .. 

FigureS.3 Question window I 

Clicking one of the choices for question 'a' opens another window containing the next 

consecutive question. 

b. Indicate your education level 

FigureS.4 Question window 2 
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Based on the choices given in question ' b' another window asking the GPA of an 
applicant wi ll be di splayed. 

c. What is your GPA? 

.....,,, .. , , .. ..... .... c p .... ·/ 

~ 

FigureS.5. Question window 3 

- OJ " I 

The success ive questions l11ay vary depending on the response of the user. For instance, if 
the job grade is PS2 and the education leve l is MA another additional question will be 
displayed asking whether the applicant is from engineering oj· law background. 

d. Are you frol11 Engineering or Law? 
H 

Arc yuu from Engineering or Law? 

~ 
~ 

FigureS .6 Question window 4 
Jfthe answer for questions d is yes, it will skip to the question of GPA (question 'c') and 
continues like wise. Jfthe answer is no, another question of experience will popup. 
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e. How long is your year of experience? 

How long Is your yee. of experience? 

.... Note: The choices ):4 and <4 IIrc only lor SA applicants 
with no Engineering or law 

>=2y~ 
<2 yen's 
>=4 yeols 
<4 vea rs 

FigureS.? Question window S 

Based on the above series questions, the system decides whether an applicant is eligible 

or not by the following window. 

Eligible I. OVER QUALIRED lor thl" appllcent. 
To c heck ElIglblllry tor IInolher applicant. click Ihe continue bunon. 

If you need lin explanaUon aboullhe decls lon.dlck How 

To know Ihe 101al .,,0'" 01 the applicent. clld< Ihe fluull bulton 
11 you need 10 go bac k 10 I •• lnlng or perform .. ,,,: .. """lu"Uon fun~lon •• c lldo: a"ek 

FigureS.8 Window containing ' How' and ' Result' 

The buttons, shown in fi gureS .8, incorporate the result and how features. The result 

feature gives you the total sco re of a spec ific applicant and the how button explains the 

61 

1 

I 
I 



weights given to each requirement in calculating the total score for the decision 
undertaken by the system. 

EducalioJl is 40" 
EX I~c rj encc Is 36" 811d 
GPA is Z4" 

TQTAl=100" 

FigureS.9 Score Window 
Moreover, in the main window (figureS . I) , click ing Help displays a list of hypertexts , 
which up on clicking take the user to the information referred to the hypertext. The help 
option gives information on how the system works, the main operational procedures, 
knowledge base upgrading, and so on. And the Exit button is used for closing the 
program. 

5.1.1.1 Score rating in selection 

o Edncation score 

The score rating for education is given by the tree structure below based on education 
rel ation and level of education of the applicants. 

Education relation 

Direct ~ Indirect 

Education level Education level ~D 

_______..MA 8 
BA 

8 SA 

FigureS.IO Education scores 

62 

1 

I 
I 

I 



-Education is direct ifit is one of the required education li sts and indirect when it is in 

the same gro up with one of the required lists. 

-The above score is onl y fo r the professional sc ience job grade (PS) 

o CPA score 

The val ue given to GPA is: GPA mul tiplied by 6 

o Experience score 

Similarly, the tree structure in figureS. I I below is used for ca lculating experi ence score 

Experience relat ion ) 

~ No relation 

Indirect _______ 

Experience score is year 
of ex perience* 2 Experience score is year of 

experience'" 1.3 

FigureS . I I Experience score 

Experience score is year of 
experience *0.5 

In genera l, the weights are given based on the following standard : 

Education - 40 % 

GPA - 24 % 

Experience - 36 % 

o Sample case for selectioll 

I. Job Title-----------Planning and Program Expert 

Job grade--------------PS3 

A mo un t ----------------2 

Base sa lary---------- Birr 124S 

Minimum requirement: 

Education-- Economics or Statis ti cs 

Education leve l--BA degree w ith 6 years of experience or 

MA degree with 4 years of experience 
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Criteria--------------- education 40%, experience 36% and OPA 24%. 

Based on the information given, the system se lects those applicants according to their 

order of score ratings by calcul ating their tota l score on educat ion, OPA and experience. 

Satnple results are as follows: 

TableS. I sample results in selection 

Applicants Education type 

I. Economics 

2. Statistics 

3. Mathematics 

4. Statistics 

5. Sociology 

11. Job Title - Marketing Expert 

Job Orade-PS2 

Min imum requirement 

Education level Education relation 

BA degree Direct 

BA degree Direct 

BA degree Indirect 

MA degree Direct 

BA degree Indirect 

Total score 

61.20 

69.20 

48.30 

63.00 

49.30 

Education - Management or Economics or Statistics 

Education Leve l and Experience - BA degree wi th 2 years of 

experience or MA degree with 0 years of experience 

The applicants were screened out based on the minimum criteria set by the organization 

and the total scores were calculated according to the weights given. 

5.1.2 The training module 

When the user cli cks the training button the following li st of questions will popup with 

their corresponding windows. 

a. Your profess ion can be categorized under 
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H 
Your plOfession can be clllagof;zcd under? 

!hB sam-"-.!I!_t:l.!J.p_wilh.!!.l!.!!!p_qJh:LL ____ _ 
the slime bro nd !lroup with tHlinin!llie ld 
not related with train in fi e ld 

FigureS. 12 Question window 6 

The next question depends on the choice of question 'a' . If the choice of the user is, for 

instance, 'the same broad group with trainingjield' , question on GPA will popup. 

b. What is yo ur GPA? 

What is your CPA? 

FigureS . 13 Question window7 

When the GPA of the employee is < 2.00, he will be asked about performance evaluation. 
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c. Your current performance evaluation value is categorized under 

H 
Your current perlormance evaluation value Is categorized under? 

I<J.45I 
~ 

Figure5.14 Question windowS 

Based on the choices given for question ' c', if the value is < 3.45 , the employee will not 

be accepted for the training and ifit is >= 3.45 the employee will be accepted for training. 

The training requirements, with their corresponding weight, are given as follows: 

Education - 30 % 

GPA-20 % 

Experience - 20 % 

Performance evaluation - 30 % 

Note: the score ratings may vary based on the type and nature of training. 

5.1.2.1 Score rating in training 

• Education 

The score rating for education depends on the education relation of an employee whether 

it is direct or indirect as follows 

Direct 

BA = 25 

MA =2S 

PhD = 30 

Indirect 

BA= 19 

MA =20 

PhD = 22 

In general , the weights given for each education level by the civil service commission of 

Ethiop ia for the training process is given in the table below 
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Table5.2 Weights for education 

Education level Weight 

Directly Indirectly 

related 

12 complete / 10 complete after 2000 13 13 

College I SI year law certificate or Diploma in 16 14 

music art or 10+ I or 10+2 after 2000 

College 2na year, technica l co llege diploma, 18 16 

10+2, 10+3 

Col lege 3'" year, college diploma 20 17 

College 4" year 3 years advanced diploma 23 28 

Bachelor degree 25 19 

Masters degree 28 20 

Doctorate degree 30 22 

• CPA 

For calcul ating GPA, the procedure is multiplying the GPA of an employee by 5. GPA of 

an employee is the cumulative GPA of the last three years in ESLCEfEGSCE fo r 12 

complete or 10 complete respectively and CGPA of college/university transcript for 

graduates. 

• Experience 

Experi ence is direct, indirect or no relati on and the score rating is given accord ingly: 

Direct Experience = Year of experience* I 

Indirect Experience = Year ofexperience*0.5 

Experi ence no re lation to the training area = year of experience *0.25 

• Performance evaluation 

The immediate boss and the manager of the organ ization wi ll fill the performance 

eva luation of an employee in the first hand. 

Va lue of performance = performance *6. 
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o Sample case for training 

I. Training field-------------------Training course in Network Building and Monitoring 

Technology 

Education and experience-----MA degree with related fi eld or BA degree with two years 

of related experience or college diploma in Computer 

Science or Engineering 

Criteria---------------------------- Education = 30% 

GPA = 20% 

Experience = 20% 

Performance eva luation = 30% 
Based on the information given, the system se lects those permanent employees according 
to their order of score ratings by calculating their total score on education, GPA, 
experience and performance evaluation. And the Sample resu lts are as follows: 

Tab leS.3 sample results in training 

Applicants Education GPA score Experience Performance Total score . 
score score score 

1. 25 16.25 2 27.6 70.85 
2. 20 15 7 29.34 71.34 
3. 20 17. 5 5 27.9 70.40 
4. 19 13.75 2 28.5 63.25 
5. 25 14 2.5 28.8 70.30 

II. Training fi e ld-------------------planning of health education and health promotion 

interventions 

Education and experience-----MA degree wi th related field or BA degree with two years 
of related experience 

Criteri a--- ------------------------- Education = 30% 

GPA = 20% 
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Experience = 20% 

Performance eva luation = 30% 

Aga in based on the informati on given, the system selects those permanent employees 
according to their order o f score ratings. 

5.1.3 The performance evaluation module 

Performance evaluation in result oriented working situation is specific for each 
individual , which means there is no uni versa l measuring guide lines for all employees . 
For example the evaluation measure for the human resource management head of the 
organization contains the fo llowing questions: 

a. The expense for tra ining courses given by the dep311ment. 
. ; , 

How much was lhe expenc!: for trllnlng In this Yellr? 
(your answer should be Inh:rml 01 birr per traInee) 

FigureS. IS Question window 9 

The next windows contain the questions on the number of participants in a training given 
by hi s/her office and the time that the depat1ment head de livers hi s work report. 

b. Average number of participants in a training 

69 



H 

Give the average number of partlclpantl in the trlllning 

" between 8 lind 10 
>10 

FigureS.16 Question window 10 
CI icking the first option of question window 10 takes the user to the next question 
window 

c. Work repol1 deli very question 

When did you dclivc: ryoul wu," ICPOrl 01 the lasl month? 

J.!.' wceJLo!.!hl.!1!!-QJl!!! __ 
2nd week ol ll1ls month 
Jld week til th is month 
4111 week of thi s month 

FigureS. 17 Question window II 
According to the questions given to each employee the system will categorize the 
performance standard of each employee as poor, medium high or very high. For example 
choosing the option "fi rst week of thi s month" yields the fo llowing result window: 
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The Pe rlor lll llllce Siandll rd is IUGH lor this employe. 

To ctu,d :: The Pe rformallce Siandll rd olllllolher employe. click Ihe COlllinue button 

FigureS.IS Performance Standard window 

At the end of the decision for one applicant/employee, a continue button appears and the 

system asks the user if he/she wants to check another applicant. [f the user clicks on 

continue, the system will recycle again by resetting all the previous values. 

5.2 TESTING AND EV ALVA TION 

The prototype has been built based on the major properties of the selected human 

resource management activities (selection, training and performance evaluation), and it is 

primaril y designed to be free from logical conflict and redundancy of rules. 

Confl ict means giving inconsistent conclusion/s/ for a consistent input, and redundancy 

refers to the presence of unnecessary logical structure. [rregularities and possible 

conflicts have been cleared fi'om the knowledge base. 

To check the validity of the prototype, sample vacancy and training announcements have 

been used with similar parameter included in the knowledge base. The sample cases are 

attached in the appendix pal1 of the thesis. 

One major problem in the testing of the system is it doesn' t give poss ible decisions for 

those cases out of the rule and doesn't give the probability of an applicant to pass/fa il the 

minimum requirement. 
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5.3 KNOWLEDGE BASE MAINTENANCE 

The ultimate factor determining the value of dec isions reached by an expert system is the 

quality of knowledge in the knowledge base. Hence care should be given to the 

knowledge acquisition and knowledge representation processes, since these two stages 

are the most important parts of the knowledge base for further maintenance. 

The knowledge base will require regular updating based on the newly emerging ideas in 

the human resource management activities. For this process the system is designed in 

such a way that the help system has a link to give access to the rule base so that 

management professionals or assigned coordinators can extract up-to-date knowledge 

from relevant sources and easi ly keep the system in pace with the rapidly changing 

knowledge. 

5.4 DESIGN REQUIREMENTS 

o Hardware and Software Requirement 

According to KPWin (Gold Version 3.0), it IS suggested that Knowledge-Pro for 

Windows (KPWin) could be used in PCs having at least 4MB system memory and 

processor speed of 133 MHz. However, 8 MB memory at least for use with Visual C++ 

environment is recommended. 

To work on thi s version of KPWin, there is a need for at least the most modem versions 

of Microsoft C/C++ (V7.0) or Borland C++ (V3. 1), or the Windows version of C++, i.e. 

Microsoft Visual C++. 

In the network environment, the new system requires a network operating system, if 

possible Windows NT 4.0 and at least Windows 95 operating system on client PCs. 
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CHAPTER-6 

CONCLUSION AND RECOMMENDATIONS 

6.1 CONCLUSION 

Knowledge-based systems are computer programs that capture knowledge of human 

experts in a certain domain area to solve a spec ific problem in place of experts . 

The objective of this resea rch work is mainly to explore and apply the possible 

applications of knowledge based (or expert) system specifically in the field of human 

resource management. The human resource management department in most 

organizations is responsible for the success of the organization with respect to employee 

and production management. 

In Ethiopia, there are a number of service delivery government organizations- one is the 

ministry of capac ity Building. This study is made in an effort to explore the major 

problems in the human resource management department of the organization under study 

and propose the possible solutions using the application of the knowledge-based systems. 

The prototype of the proposed system assists mainly the managers and concerned 

personnel's spec ifically in the process of se lection, training and performance evaluation 

measures of employees. 

In developing the proto type, the knowledge acquisition is done by referring standard 

manual s of the civil service commission of Ethiopia and a thorough discuss ion with 

experts of the domain area. A rul e based knowledge representation is used in accordance 

with the hierarchical structure of knowledge modeling. To develop the knowledge base, 

the Knowledge pro Gold expert system shell version 3.0 has been used through a 

backward in ference mechanism. 

73 

\ 

I 
.J 



The prototype is able to screen out eligible applicants and employees and s imultaneously 

calcul ates the total score of each applicant/employee, which is very important in taking 

those top scorers acco rding to the criteria set by the organization. 

Fina ll y, the result from the system have shown that the knowledge based system can also 

be applicable in solving human resource management problems, and it is believed that 

thi s research will initiate organizations to use the knowledge based problem solving 

approach especia ll y in the area of human resource management. 

6.2 RECOMMENDATIONS 

Based on the findings of thi s research work, the researcher would like to make the 

following recommendations for further work to enhance the functionality of the prototype 

and develop a new system especially in the field of human resource management. 

• In this research work, attempt has been made to assess the applicability of 

knowledge-based system in supporting the problem related to selection , training 

and performance eva luation measures. However it . is open for interested 

researchers to consider additional human resource management activities such as 

career management, pay plans and rewards, and soon. 

• The knowledge base should be expanded to include more and more rules through 

a through extraction of knowledge from related documents, and through the 

participation of large number of experts to make the system more practical. 

• The prototype system works only for one step screening of employees/applicants 

based on the given criteria, further more emphas is should be given for a 

continuous screening procedure wi th their corresponding measures to make the 

system full y functional with our add itional manual works. 
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• A method should be searched to integrate such know ledge-based system to a fully 

funct ional data base system of the department of human resource management in 

related organizations of the country. 

• The system doesn't hold all the necessary rules and is not self- learning at thi s 

stage. But, even though it would be a huge task in the field , attempt should be 

given for fu rther work to develop a dynamic self- learning system in that whenever 

there is no rule matching to a case, it would include the rule to fill the gap. 

• This prototype system is developed only by using the knowledge based (expert) 

system approach. A more sophisticated and integrated system can be developed in 

co llaboration with other approaches like the artificial neural network to so lve 

some problems, which still problems of expert system such as the lack of sensory 

experience and creativity. 
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APPENDIX 

Sample Rules from the Knowledge Base 

On Selection 

topic 'Eligible'. 
set_ number_of_ va lues ('Eligible', I). 

if ?'adequate edll leve l' is 'no' 
then 'Eligible' is 'NO'. 

if?'adequate edu level' is 'yes' 
and ?'G PA' is '<2.50' 
and ?'education' is 'not re levant' 
then 'Eligible' is 'NO' . 

if ?'adeqllate edu level' is 'yes' 
and ?'G PA' is '<2.50' 
and ?'education' is 'relevant' 
and ?'experience relation' is 'not relevant' 
then 'Eligible' is 'NO'. 

if ?'adequate edll level' is 'yes' 
and ?'G PA' is '<2.50' 
and ?'edllcation' is 'relevant' 
and ?'experi ence relation' is 'relevant' 
then 'Eligible' is 'YES'. 

if ?'adequate edllievel' is 'yes' 
and ?'GPA' is '>=2.50' 
and ?'education' is 'not relevant' 
and ?'experi ence relation' is 'not relevant' 
then 'El igible' is 'NO' . 

if?'adequate edu leve l' is 'yes' 
and ?'GPA' is '>=2.50' 
and ?'education' is 'not relevant' 
and ?'experi ence relation' is 'relevant' 
then 'Eligib le' is 'YES'. 

if? 'adequate edlli evel' is 'yes' 
and ?'G PA' is '>=2.50' 
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and ?'education' is 'relevant' 

then 'Eligible' is 'YES' 
else 'Eligible' is 'OVER QUALIFIED'. 

topic 'adequate edu level'. 

seUlumber_oC values ('adequate edu leve l' , I). 

if ?Job grade' is 'ps I' 
and ?'edu level' is 'BA Degree' 

then 'adequate edu leve l' is 'yes'. 

if ?'job grade' is 'ps2' 
and ?'edu level' is 'BA Degree' 

and ?'Engineering or Law' is 'yes' 

then 'adequate edu level' is 'yes'. 

if ?'job grade' is 'ps2 ' 
and ?'edu level' is 'BA Degree' 

and ?'Engineering or Law' is 'no' 

and ?'experience' is '>=2 years' 

then 'adequate edu level' is 'yes'. 

if ?'job grade' is 'ps2' 
and ?'edu level' is 'BA Degree' 

and ?'Engineering or Law' is 'no' 

and ?'experience' is '<2 years' 

then 'adequate edu level' is 'no'. 

if ?'job grade' is 'ps2' 
and ?'edu level' is 'MA Degree' 

then 'adequate edu level' is 'yes'. 

if ?Job grade' is 'ps3' 
and ?'edu level' is 'BA Degree' 

and ?'Engineering or Law' is 'yes' 

and ?'experience' is '>=2 years' 

then 'adequate edu level' is 'yes'. 

if ?'job grade' is 'ps3 ' 
and ?'edu level' is 'BA Degree' 

and ?'Engineering or Law' is 'yes' 

and ?'experience' is '<2 years' 

then 'adequate edu level' is 'no'. 

if ?'job grade' is 'ps3 ' 
and ?'edu level' is 'BA Degree' 
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and ?'Engineering or Law' is 'no' 
and ?'experience' is '>=4 yea rs' 

then 'adequate edu level' is 'yes'. 

if ?'job grade' is 'ps3' 
and ?'edu level' is 'S A Degree' 
and ?'Engineering or Law' is 'no' 
and ?'experience' is '<4 years' 

then 'adequate edu level' is 'no' . 

if ?'job grade' is 'ps3 ' 
and ?'edu leve l' is 'MA Degree' 
and ?'Engineering or Law' is 'yes' 

then 'adequate edu level' is 'yes'. 

if ?Job grade' is 'ps3' 
and ?'edu level' is 'MA Degree' 
and ?'Engineeri ng or Law' is 'no' 
and ?'experi ence' is '>=2 yea rs' 

then 'adequate edu level' is 'yes'. 

if ?'job grade' is 'ps3 ' 
and ?'edu level' is 'MA Degree' 
and ?'Engineering or Law' is 'no' 
and ?'experience' is '<2 years' 

then 'adequate edu level' is 'no'. 

if?'job grade' is 'ps3 ' 
and ?'edu level ' is 'Phd Degree' 
then 'adequate edu level' is 'yes'. 

topic 'job grade'. 
ask ('#e#n #n What is your job grade? 

***Note: the abbreviation PS is to mean Professional Science','job grade', 
['ps I ','ps2 ','ps3 ']) . 

end. (* job grade *) 
topic 'edu level' . 

ask ('#e#n #n Indicate your educati on leve l please?','edu level' , 
['S A Degree','MA Degree','Phd Degree']) . 
end. (* edu leve l *) 

topic 'Engineeri ng or Law'. 
ask ('#n #n Are you from Engineering or Law ?','Eng ineering or Law', 

['Yes','No']) . 
end. (* Engineering or Law *) 

topic 'experience'. 
ask ('#n #n How long is yo ur year of experience? 
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*** Note: The choices >=4 and <4 are only for BA applicants 

with no Engineering or Law ':experience', 

['>=2 years':<2 years':>=4 years': <4 years']) . 

end. (* experience *) 
end. (* adequate edu level *) 

topic 'experience relation' . 

set_number_of_ values ('experience relation', I) . 

if ?'experience type' is 'direct' 

then 'experience relation' is 'relevant' . 

if ?'experience type' is 'indirect' 

then 'experience relation' is 'relevant'. 

if ?'experience type' is 'no relation' 

then 'experience relation' is 'not relevant'. 

topic 'experience type'. 
ask ('#n #n Which one is your experience type ?','experience type', 

['direct','indirect' ,'no relation']) . 

end. (* experience type *) 

end. (* experience type *) 
topic 'GPA'. 

ask ('#n #n What is your GPA ?','GPA',['<2 .S0','>=2.S0']) . 

end. (* GPA *) 
topic 'education'. 

ask ('#n #n Give your education relevancy please? 

***Note : Your education is relevant only if it is one of 

the required education list or in the same group with one of 

the required li st','education', ['relevant':not relevant']) . 

end. (* education *) 

end. (* Eligible *) 

011 Training 

topic 'Training'. 
set_number_ ot values ('Training', I). 

if ?'education type' is 'not related' 

then 'Training' is 'NOT ACCEPTED'. 

if?'education type' is 'indirectly related' 

and TG PA' is '<2.00' 
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then 'training eva luation' is 'satisfactory' . 

if?'expense per trainee' is '>= 10 birr' 
and ?'number of palticipant' is '> I 0' 
then 'training eval uation' is 'good'. 

if ? 'expense per trainee' is '9 birr' 
and ?'number of participant' is '<8' 
then 'training eva luation' is 'satis factory' . 

if?'expense per trainee' is '9 birr' 
and ?'number of participant' is 'between 8 and 10' 
then 'training eva luation' is 'good'. 

if?'expense per trainee' is '9 birr' 
and ?'number of participant' is '> I 0' 
then 'training evaluation' is 'very good'. 

if?'expense per trainee' is '<9 birr' 
and ?'number of pmticipant' is '<8' 
then 'training eva luation' is 'good'. 

if ?'expense per trai nee' is '<9 birr' 
and ?'number of participant' is 'between 8 and 10' 
then 'training evaluation' is 'very good' . 

if ?'expense per trainee' is '<9 birr' 
and ?'number of participant' is '> I 0' 
then 'training eva luation' is 'exce llent' . 

topic 'expense per trai nee'. 
ask C#e#n #n How much was the expense for training in thi s year? 

(your answer shou ld be interms of birr per trainee)','expense per trainee', 
['<9 birr','9 birr','>= I 0 birr']) . 
end. (* expense per trainee *) 

topic 'number of participant'. 
ask C#e#n #n Give the average number of participants in the training ',' number of 

participant' , 
['<8 ','between 8 and 10','> I 0']) . 
end. (* number of partic ipant *) 

end. (* trai ning evaluation *) 

topic 'recording method' . 
set_number _ of_va lues Crecording method', I). 

i r ?' report del ivery time' is ' 1 st week of thi s month' 

85 

/ 

I 
} 



then 'recording method' is 'excellent'. 

if?'report delivery time' is '2nd week of this month' 
then 'recording method' is 'very good'. 

if?'report delivery time' is '3rd week of this month' 
then 'recording method' is 'satisfactory'. 

if?'report delivery time' is '4th week of this month' 
then 'recording method' is 'poor' . 

topic 'report delivery time'. 
ask ('#e#n #n When did you deliver your work report of the last month ?','report 

de livery time', 
[' I st week of this month','2nd week of this month','3rd week of this month','4th week 

of this month']) . 
end. (* report delivery time *) 

end. (* recording method *) 
end. (* Performance *) 
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