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ABSTRACT 

 

This paper is aimed at developing an Automated Career Guidance Expert System (AC-GES) using case-based reasoning (CBR) 

technique. Notably, a majority of tertiary education aspirants are faced with the challenge of selecting courses that will best 

match their academic capabilities. This has posed problems such as poor students’ performances in their chosen areas of study, 

the inability of some students to complete their studies within the stipulated time and so on. In view of this, the need for an 

expert’s advice that will guide these tertiary education aspirants in choosing suitable courses of study becomes pertinent. AC-

GES is to assist high school students in choosing career paths that best suit their abilities based on their previous performances in 

some selected subjects, using Nigerian students as a case study. The case-base consists of 800 cases while two hundred (200) 

known cases were used for testing. The similarity metric and the neighbourhood parameter k used in the CBR algorithm were 

determined experimentally.  With Euclidean distance, as the similarity metric, and 10 as the k-parameter, the CBR algorithm 

achieved a 0% classification error on the test-case. The system was finally prototyped as a MATLAB GUI application.  
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1.  INTRODUCTION 
 

According to Ivan Prelovský (as cited by Arumugam & Nagalingam, 2015 ), “career guidance is recognized as training and 

motivating individuals and students to plan their education, training and work; to take responsibility for their own educational 

and occupational opportunities, providing help to students for further education, flexible professional development, career 

management, as well as professional promotion”. Furthermore, it plays a key role in helping labor markets, work and education 

systems meet their goals. The concept of career guidance has been widely used in the past and in several varieties. According to 

Herr and Cramer (1996), “It is largely a verbal process which involves the counselor and counselee(s) developing a dynamic and 

collaborative relationship, focused on identifying and acting on the counselee’s goals, in which the counselor employs a 

repertoire of diverse techniques and processes, to help bring about self-understanding, understanding of behavioral options 

available, and informed decision making in the counselee, who has the responsibility for his or her own actions”. Remarkably, 

guidance and counseling is an integral practice in schools and colleges, the intent of which is to provide pieces of advice to 

students in order to enable them improve in their academic performances, choose a befitting career and maximise their individual 

potentials.  
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However, the ubiquity of the Information and Communication Technology (ICT) has changed the way this activity is carried out 

in most developed countries. Motivated by the aforesaid, the aim of this paper is to automate the process of career guidance using 

an Artificial Intelligence approach, specifically known as Case-based reasoning (CBR).  CBR is a general artificial intelligence 

paradigm for reasoning from experience.  It is a natural way of solving problems that are similar to previously solved problems. 

This technique is employed by lawyers when they refer to previous case files in order to handle a current case which is similar to 

it. Moreover, other professionals such as medical doctors, engineers, etc. often use CBR in their daily activities. The idea behind 

this technique is to have a case-base of all cases experienced and their corresponding solutions such that if a new case is 

encountered, a similarity metric is used to compare its similarities with the cases in the case-base and the solution to the most 

related cases is applied to the new case. Some of the similarity metrics often used include; Euclidean Norm, Manhattan distance, 

Hamming Distance and so on. CBR is also known as Instance-based Reasoning or K-Nearest Neighbor algorithm (KNN).   

 
The dataset used in this paper is an excel file in .xls format containing one thousand (1000)  different cases with ten (10) features 

and  one output. The features are selected important subjects offered in senior secondary schools. The subjects include 

mathematics, English   language, physics, chemistry, biology, geography, Literature, accounting, Christian Religious Knowledge 

(CRK), and Government. For each case, the output consists of a human counselor's career recommendation based on the students 

performances in the ten (10) subjects. Using eight hundred (800) cases from the dataset for the case-base, a GUI- based 

MATLAB application is developed to recommend careers to new user leveraging the human counselor’s experience captured in 

the case-base. The other two hundred (200) cases were used for testing. 

 

2.  LITERATURE REVIEW 

 

2.1 Expert Systems for Career Guidance 
Advice helps students to interpret information and apply it to their own situation; guidance is the in-depth support provided by 

qualified practitioners to help students explore their options and make informed choices that are best for them (CDI, 2014). In 

other words, counselling is a transformative process of helping people to learn all that are to be learnt both in and outside the 

school (Egbo 2013).  According to Odu (2004), “the main aim of guidance and counselling is to assist the student to develop 

physically, mentally, emotionally, morally and educationally to cope with the learning situations within and outside the school 

environment”. Akinade(2012) opined that there is limited number of trained counsellors in Nigerian schools and the ones already 

trained choose to go into non-school settings.  

 

This makes the need for computer-based counsellors in schools extremely imperative. The role of ICT in guidance can be seen in 

three ways: as a tool, as an alternative, or as an agent of change (Oye et al, 2012). Ojenge and Lawrence(2008) recommended the 

use of expert systems for career guidance. According to Satvika et al(2010), “It is concluded that while expert systems in 

education have great potential, they remain un-established as a useful technology due to lack of research and documentation. 

Expert system for career selection can be developed using Fuzzy logic, neural network( Waghmode & Jamsandekar, 2015), 

decision tree and other Artificial Intelligence techniques for guiding students to select proper career stream.   

 

Waghmode & Jamsandekar (2015) presented some expert systems used in educational sector for career guidance, few of which 

have been reviewed in this paper  

 

iAdvice: This expert system uses features such as reasoning ability, providing explanations, alternative solutions, uncertainty and 

probability measures, questioning ability and also forward chaining, backward chaining and rule based inference in designing 

expert system. Past examination performance, student preferences and skills, industry alignment with subjects, are the main 

factors considered by a human expert in providing career guidance. The system was designed by Hendahewa et al (2006) .  

 

PAS: Post graduate Advisor Expert System (PAS) was proposed and developed by Al-ghamdi (2012)  for advising post graduate 

students of computer science major in King Abdulaziz University (KAU) to select suitable course during their PG programme.  

 

CAM (Career Advisor Model) - is a model proposed to provide right advice to students. This model is based on machine 

learning technique and rule based decision support capability. It was presented by Mundra(2014) 

 

CMS (Career Master System): Balogun et al( 2009) present development of career master DSS for counsellors to assist 

students in selecting the right discipline for secondary school leaving students of Nigeria who have problems with their choice of 

careers as they intend to study at tertiary institutions of their choice. This career master system was implemented using Visual 

Basic. This system is designed for desktop and counsellors, and system recommendation were based on parameters like ability, 

skills, Intelligent Quotient, interest, parents and friends influence, preferences, parent occupation and hobbies, past academic 

performance. 
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CACGS: Computer Assisted Career Guidance System (CACGS) is a career system which helps clients from secondary to post-

secondary students of Malaysia. It is a interventions and various print and media-based support resources that are used within 

organizations to assist individuals in making career decisions. It was presented by (Adawiyah  & Ismail ,2006) 

 

2.2 Case-Based Reasoning 
According to Bergamann et al(2009), “The core of every case-based problem solver is the case-base, which is a collection of 

previously made and stored experience items, called cases”. A case-based problem solver solves new problems primarily by 

reuse of solutions from the cases in the case base. CBR is also referred to as k-nearest neighbor (KNN) algorithm, instance-base 

algorithm or memory-base learning.  The idea of CBR is presented in the simple CBR life cycle shown in figure 1. The CBR life 

cycle comprises four steps – Retrieve, Reuse, Revise and Retain. The Retrieve step involves the selection of one or more cases 

from the case-base that have similarity with the case under consideration. To achieve this, a similarity metric is required to carry 

out this comparison. In the reuse step, the solutions to the retrieved similar cases are considered for the new case. In the reused 

case, the proposed solution or solutions can be revised or adapted to be well-suitable to the new case.  Finally, the new case is 

made part of the case-base in the retain step. 

 

 

 
 

Figure 1. CBR life cycle (Hugo et al, 2011) 
 

In recent time, CBR has been applied in solving devise problems in engineering, sciences, biology, sociology and so on. 

 

Adebayo , Adekoya & Ekwonna (2014)  proposed a Temperament and Mood Detection system which employs Case-Based 

Reasoning technique to help psychologists solve part of the problems in their complex domain. 

 

Maha et al(2014) compared the performances of Decision Tree J48 and CBR in designing an automated counseling system for 

students in Pakistan. Out of the two algorithms tested, CBR gave the higher accuracy than the Decision Tree J-48.    

 

2.3 Similarity Measure 
Distance or similarity measures are essential to solving many pattern recognition problems such as classification, clustering, and 

retrieval problems (Sung-Hyuk, 2004). They are real-valued functions that quantify how similar two objects are.  

 

 A well-known similarity measure is the Minkowoski distance metric. 

 

Let  and  be two p-dimensional data objects. Suppose that the 

dissimilarity of the two data objects is measured upon all the dimensions. The Minkowski distance between objects i and j.is 

defined as  

                                                              (1) 
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Where q is a positive number. Three versions of the metric are in practical use according to the value of q. When q is set to 1, the 

version is known as the Manhattan or City-block distance. When q is set to 2, the version is known as Euclidean distance. When 

q is set to , the version is known as Chebyshev or Supremum distance. 

Manhattan distance:  =                                                                                      (2) 

Euclidean distance:  =                                                                                  (3) 

Chebyshev distance:                                                                                        (4)  

Others include, Hamming distance, cosine distance and so on. 

 

 

3. METHODOLOGY 

 

3.1 Data Collection 
An excel dataset in .xls  format containing one thousand (1000) different cases with ten(10) features representing the 

performance of SS 1 students in a cross section of important selected subjects offered in senior secondary schools in Nigeria was 

collected from a secondary school. For each case the output contains a human counselor's career recommendation based on the 

students’ performances in the ten subjects. 

 

3.2 Data pre-processing  

The data set was normalized using the min-max normalization technique represented by the formula;   

 

, where                                                                                                  (5) 

 

This normalization produces values between 0 and 1. Normalization is a scaling or mapping technique used at data  pre-

processing stage, where a new range  is found from an existing one. When it is necessary to maintain the large variation of 

prediction and forecasting, a normalization technique is required to make them closer. Some of the widely used normalisation 

techniques include Min-Max, Z-score & Decimal scaling. Min-Max Normalization is used here because the technique provides 

linear transformation on original range of data and also keeps the relationship among original data. 

 

3.3 Data Splitting 
The dataset is split in such a way that 80% of the dataset was used to create the case-base while 20% was used as the test-case for 

evaluating the retrieval ability of the system.  The splitting of the dataset was done in random fashion to ensure that each subset 

contains similar distribution of the cases. 

 

3.4 Implementation of the CBR algorithm 

3.4.1 CBR algorithm 
 

The CBR algorithm is as follows: 

 
algorithm CBR (Cb: Case base; k: integer; var n: New case) 

begin 
 for each case c in Cb do 

  calculate distance(c, n) upon descriptive attributes 

              end for; 
              select into D k nearest neighbours of n according to their distances to n; 

              n.class := majority class in D  

end; 
 

The proximity between the new case and each case in the case base are measured. The nearest k neighbours of the new case are 

selected. The recommendation to the new case is determined by the majority recommendation of the k nearest neighbours. 
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3.4.2 Comparison of different similarity metric at different k-parameters 
The major issues in CBR algorithm are how to choose the optimum value of the neighborhood parameter k and the suitable 

similarity metric for the dataset. These two are crucial because the classification performance of the CBR algorithm depends on 

the neighbourhood parameter k and the similarity metric used. The error percentages on the 200 test cases for different similarity 

metrics at various values of k ranging from 10 to 100 were obtained as shown in Table 1.   

 

The error is computed following the formula; 

 

                                                                                                       (6) 

 

Table 1. Comparison of the performances different similarity metrics at different k-parameters 

 

 

The Table  shows the comparison of these similarity metrics at various values of k. 

 

 
 

Figure 2. Graph of % error against values of k for different similarity metrics 

 
From the graph, the Euclidean distance showed the least percentage error at all values of k. Moreover, % errors at k = 10 and k = 

100 are 0%, implying that the CBR algorithm with Euclidean  distance as similarity metric and a neighbourhood k parameters  of 

10 or 100 gives 100% accuracy in classifying new cases correctly. Informed by the outcome of this  experiment, the Euclidean 

distance and k = 10 were selected for the system implementation.  

.  

 

 

                                                                                                            Values of  k 

Similarity Metric 10 20 30 40 50 60 70 80 90 100 

 

 

Error (%) 

Euclidean Distance 0 1 3 2 1 1.5 2 1 1.5 0 

Hamming Distance 39 47 45 49 48.5 56 56.5 62.5 61.5 62.5 

Cosine Distance 23 19 22 21 26.5 24 23.5 26 27 29 

Correlation Distance 18.5 14 19.5 20 22 26.5 26 28.5 29.5 28.5 

 Chebyshev Distance 11 10.5 11 12 12 12 11.5 11 11  11 



  

 

 

 

86 

 

Computing, Information Systems, Development Informatics & Allied Research Journal  
Vol. 8  No. 1, March, 2017  -  www.cisdijournal.net  

 

 

3.5 Implementation of AC-GES 
 

The system was prototyped as a MATLAB GUI application. Figure 4 presents AC-GES. 

 

 
 

Figure 4. AC-GES GUI 

 

A student’s grades in the above subjects are keyed in. When the Ok button is clicked, the system recommends two career paths to 

the students, in the order of their preferences.  

 

Figure 5 shows recommendations made to a student based on the grades s/he provided in the subjects. It provides first and second 

choice recommendation. The first choice recommendation is the majority recommendation of the k-nearest neighbours and the 

alternative recommendation is the second majority recommendation for the neighbours. 
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Figure 5. AC-GES recommending career paths  to a student based grades in subjects 

 
 

4. CONCLUSIONS   
 

In this paper, an Automated Career Guidance Expert System (AC-GES) has been developed using case-based reasoning (CBR) 

technique. AC-GES is to assist high school students in choosing career paths that best suit their abilities based on their previous 

performances in some selected subjects, using Nigerian students as a case study. The case-base used in this paper consists of 

eight hundred (800) cases while two hundred (200) known cases were reserved for testing. Each of the cases, both in the case-

base and the test-case, consists of 10 attributes, which represent a student’s performances in ten (10) selected subjects and one(1) 

output, which is the human counselor’s recommendation to the student. The similarity metric and the neighbourhood parameter k 

used in the CBR algorithm were determined experimentally.  With Euclidean distance, as the similarity metric, and 10 as the k-

parameter, the CBR algorithm achieved a 0% classification error on the test-case.  
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