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Abstract—Academic advising plays a crucial role in the
achievement of the educational institution purposes. It is an
essential element in solving students’ academic problems and
maximizing their satisfaction and loyalty. Universities around the
world have always tried to improve academic advising to
personalize the student’s experience. In fact, technology has the
power to improve the advising process and facilitate its
corresponding tasks and this has historically taken different
forms. Accordingly, this paper provides an overview of academic
advising and the technologies proposed to improve it. The
authors present a systematic literature review on research papers
that proposed an electronic academic advising system to view the
research trends and identify electronic academic advising major
challenges. The main contribution of this paper is to survey the
different aspects and trends about the electronic systems that
have been proposed to serve academic advising. This paper is a
part of major research that aims to transfer the traditional
academic advising to one based on Artificial Intelligence, via the
current phase of academic advising.
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I.  INTRODUCTION

Academic advising is a key task in any educational
institute that requires a lot of time and expertise. In fact, good
advising serves means a high level of student performance,
high graduation rate more loyalty, satisfaction level, and more
academic success. To help students find the best decision with
minimum time and effort the advisor need a copy of student
academic record and academic requirement, discuss with the
student to understand him and give him advice, or suggestion
in a manual way. This traditional style of advising process
seems to be a boring and impossible task especially with a
large number of students where the advisor cannot meet every
student and know his details. Technology utilization in
academic advising produces more flexibility and better
services.

Automated systems will minimize incorrect advice,
minimize the load on academic advisors, solve the issue of the
limited number of advisors, and free up more of their time.

This paper is a part of major research that aims to transfer
the paper-based academic advising to one based on Artificial
Intelligence, via the current phase of academic advising.

This section of the paper will provide an introduction
about academic advising to discuss its aims, styles, and short
history. The following sections introduce the problem and
then analysis available literature using a systematic literature
review. It reviews the electronic systems that have been
proposed to serve academic advising, shed light on the arising
opportunities, with several gaps that require the researchers’
attention. It concludes with academic advising systems
challenges and future opportunities.

A. Academic Advising

One main objective of higher education is assisting
students to achieve academic success while ensuring that their
personal and career needs are fulfilled. Hence, academic
advising plays a main role to implement that objective. It is an
essential element for a college system to help maximize the
students’ satisfaction and loyalty, solve their academic
problems and guarantee success in their academic and
professional goals. It is an indispensable element to achieve
the essential goals of higher education institutions [1]. In the
O'Banion Model of Academic Advising, this latter is defined
as a process in which advisors and students are in an active
relationship to understand the student's needs and interests.
Ideally, the advisor works as a teacher and guide to improve
the student's self-awareness and to achieve his goals [2]. The
National Academic Advising Association defined the
Academic Advising as a process in which the advisor assists
the students to understand and achieve their goals, get
information and services, and take reliable decisions suitable
with their abilities and academic requirements [3]. In fact, the
definitions of academic advising are various, but in general,
researchers agree that academic advising refers to the
interaction between the students and the representatives of the
higher education institutions to achieve student's retention and
success.

B. Why Academic Advising ?

According to the Global Community for Academic
Advising, National Academic Advising Association
(NACADA), the academic advising aims to: educate students
about the objectives and the meaning of the institution; inform
students about the courses requirements; assist students to
understand the courses and programs purposes and enhance
students’ personal development to achieve academic and
career success. Overall, all universities around the world work
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on improving academic advising because it is important and
has a key role in students' success, satisfaction, and graduation
rate. The advisor guides the student about the academic,
personal, and social issues[1].

In general, academic advising includes the following task
[2]:

o Explanation of major, career and life goals.

o Selection of suitable courses and educational plans.

o Clarification of institution requirements.

e Enhancement of the student awareness about learning
assistance programs and resources.

e Evaluation of the student performance and goals and
reinforcement of student self-direction.

e Advisors often serve as intermediaries between
students and instructors in large lecture courses where
the enrolled students are counted in hundreds.

Academic advising aims to enhance students' success,
raise retention and satisfaction, minimize majors changing,
increase the graduation rate, and educate the students about
their academic, personal and career goals.

C. The Traditional Style of Academic Advising

The academic advising tasks were usually performed in a
traditional way using a paper-based form. In the traditional
way of advising, both the advisor and advisee sit in a place,
where the advisor takes a copy of the student’s academic
record and requirements, discusses with the student for a
better understanding and hence gives him some face to face
advice or suggestions. This style of advising has been
encountering great difficulty that may disturb the academic
advising success and efficiency [4]. In a large university for
example and with a huge number of students, communication
with each student is an impossible task. Also, the process in
the traditional way may be inaccurate where the available
information is not always enough, or the advisor experience
may not be enough.

e Traditional advising is a time-consuming task that
needs a great effort to guide students successfully and
efficiently.

e It depends significantly on the advisor’s effort and due
to the limited time and experience, there is a high
possibility of making mistakes. It is important that
advisors have good knowledge about academic
requirements, educational plans, and rules.

o In some cases, programs are under review and advisors
are sometimes not up to date. Such deficiency can
result in inaccurate advice [4].

e The advising sessions are limited in time, notably
during the highest-demand periods.

e The advising quality is affected by the meeting time
length. Advisors usually spend less time with students
if they have a high number of students or dash the
advising process to minimize the load of the advising
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meeting. Usually, this happens in the registration
periods where many students need to meet the advisor

[5].

e The student in the traditional academic advising
method spends a long waiting time to meet the advisor
and the student available time may clash with the
advisor lectures time.

e Incorrect representation of information may cause
mistakes in the advising. Advisors need to use multiple
files and documents at a time, which makes the
advising process boring while they are switching
between multiple sources [6].

D. Technology in Academic Advising

Technological transformation partly changes the way of
student advising delivery. Electronic resources are available
and easily accessible in most universities which are one way
of 'non-traditional' advising. Technology utilization changes
the traditional advising services from direct human interaction
to the automated online advising style [5]. In fact, the
academic institution uses technology in academic advising to
reduce costs, produce more flexibility, accountability, facility,
and better streamlined services, which in return increase the
graduation rate and the student satisfaction level. Technology
contributes in making informed decisions and in providing
better services. Despite offering an alternative for the students
who are unable to meet the advisor physically, advisors should
consider technology as a helping tool to ease the advising
process, enhance the advising experience and alleviate
workload but they should not regard it as a substitute to
human advice [7]. The integration of human and technology
will help save time for advisors, enhance the student’s
experience, satisfaction and facilitate graduation on time [8].

E. Brief History of Using Technology for Academic Advising

Student advising has historically taken many different
forms, all of which were used to assist the students as they
proceed toward their goal of degree achievement and to
increase their loyalty and satisfaction. Considerable attention
has been devoted early to improve the advising task and
different universities around the world have recently
converted into using technology in order to improve their
service level and increase their students’ satisfaction using
different methods.

Since 1990s Miami University and Georgia State
University started using the web to provide information to
students, such as lists of open classes and degree
requirements, process transactions, class registration, updates
of students' addresses and graduate applications [9].

Also, the University of Central Florida, or UCF, is a good
example for the university that transformed early to the
technology in the advising system. Since the mid-1990’s the
graduate programs of UCF have used different tools for
student's advising. In the beginning, the student was required
to write the courses that he has taken in a template paper and
the advisor enters this information in a system called Student
Academic Support System (SASS). The SASS was used only
to store and retrieve the student data to facilitate the advisor’s
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tasks. But it was hard to read and not easy to update or change
the student’s data; and most of the advisors did not prefer to
deal with it. In 2007, the university administrators updated
SASS to the Degree Audit Reporting System (DARS). The
DARS system also was not easy to read and unreliable hence
it did not show non-course related requirements. Also, real-
time information was not available. DARS system caused
confusion and mistakes were being made when certifying
students for graduation because the graduation audits format
was different from the system. The university IT team worked
on improving the system to speed up the advising process and
the degree certification process. Between 2011 and 2013 the
university decided to use PeopleSoft Advising Tool. The tool
was facilitating the work and saved a lot of time in advising
and system maintenance [8]. Since Fall 2017, UCF started
using Student Success Collaborative system, which is an
online tool that is used to connect students to faculty, staff,
and campus resources. SSC system provides advisors with
predictive analytics technology to help students in decision
making. It also helps to track student progress and develop
new individual plans [10].

Georgia State University also has great experience in using
technology for academic advising. They applied a data-based,
problem-solving approach to increase the graduation rates and
facilitate student success. In 2012, GSU launched a data
analytics system called Graduation and Progression Success
(GPS). The system uses previous 10 years student data and
grades, to make predictive analytics for how students will
perform in the courses, indicate in-risk student and graduation
rate. GPS updates student grades and records each night and
sends notifications about in-risk students to the advisors. The
GPS system allows advisors to identify the obstacles that face
students and follow their progress. Also, it has enabled
advisers to build advice to the students based on facts, instead
of opinions. Currently, this system is available only for the
advisor not for the student [11].

Athabasca University of Canada has developed the e-
Advisor system since 2003. It was a web-based system used to
facilitate program planning and advising process for
Information System master student and they reported the
success of that experience and were looking to improve it
[12].

Also, since 2012 Virginia Commonwealth University
(VCU) has started using technology and student data in the
advising process to solve problems before they appear, and as
a result, in 2015, they reported that student graduation rate
increased to 62 percent from 59 percent [13]. In [14] IBM and
the U-M Artificial Intelligence Lab reported a Sapphire
project. They work to improve a cognitive system for an
academic advising. The system is able to understand a
student's goals and interest, and responses by conversations.

F. Maintaining the Integrity of the Specifications

The template is used to format your paper and style the
text. All margins, column widths, line spaces, and text fonts
are prescribed; please do not alter them. You may note
peculiarities. For example, the head margin in this template
measures proportionately more than is customary. This
measurement and others are deliberate, using specifications
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that anticipate your paper as one part of the entire
proceedings, and not as an independent document. Please do
not revise any of the current designations.

Il. OBJECTIVE AND RESEARCH QUESTION

This paper aims to describe the applied research and
implemented technologies to solve Academic Advising issues.
This paper summarizes recent papers and classifies them to
provide an overview of the proposed electronic advising
system.

RQ1: What are the topics covered and the proposed
technologies for Academic Advising up to now and what are
the purposes?

RQ2: What are the challenges in the academic advising
system researches and what is the future research area?

I1l. METHOD

A systematic literature review (SLR) is a systematic
process used to collect, interpret, and evaluate all possible
research work done by various authors that is related to a
specific topic, the domain of interests or questions [3]. This
systematic literature review provides meaningful ideas by
offering a summary of existing researches about electronic
academic advising and its models and challenges.

A. A Information sources

The search was implemented to gather scientific papers
and researches from two main sources:

1) Saudi Digital Library (https://sdl.edu.sa/) that covers
different academic databases such as IEEE, Scopus, Wiley,
SpringerLink and ScienceDirect and more.

2) Google Scholar (http://scholar.google.com).

B. Search Strategy

The following strings were used as search keywords in the
search process.: ‘electronic academic advising', 'academic
advising system', 'academic advising and artificial intelligent’,
‘academic advising intelligent system', and 'academic advising
and expert system'.

We performed the search process in the Saudi digital
library and google scholar for each keyword, and we collected
all related papers. Then we applied the inclusion criteria to
select papers.

C. The Inclusion Criteria

The process of including papers is summarized in the
following points:

e Initially, we bound the search process within (2009 —
2019) to analyze up-to-date researches only.

e The search strategy is applied to journals and
conferences published between 2009 and 2019.

e |tiswritten in English.

e Studies proposed and implemented an electronic
solution for academic advising.
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We collected, summarized papers and classified them to
provide an overview of the proposed advising system and the
intelligent technique that was used.

We excluded the studies published before 2009, the ones
not written in English, the reviewed papers, papers that did not
propose an advising model or include a practical electronic
system.

IV. ELECTRONIC ACADEMIC ADVISING SYSTEMS (EAAS)

Electronic Academic Advising systems can be defined as
the electronic systems that are used to support the advising
process in the advising unit in higher institutes. Multiple
technologies have been used to improve EAAS starting from
transferring students' records to digital instead of paper forms
by using artificial intelligence techniques to support the
advising process and decision making.

Based on the literature survey, a significant number of
researches have emphasized the need to improve the advising
process and the quality of advising in higher education.
Moreover, considerable researches and studies proposed to
improve the advising experience. Utilizing technologies to
facilitate advising and increase retention of students is not a
new concept. Since the decade of the 90s advising services on
academic institutes has had a dramatic paradigm variation.
During that period, institutions introduced computer
technology to improve the advising function [16]. There are
several academic advising systems and frameworks that have
been developed to address the gaps, solve problems and
improve institutes' services.

According to our research, the proposed systems can be
classified based on the automation level, and we categorized
these systems as shown in Fig. 1.

Academic Advising system

Intelligent

Simple System
system ple sy

Multi-tasking
System

Single-tasking
System

Fig 1. Categories of the Proposed Academic Advising Systems.

A. Simple Advising System (AS)

We can define AS as the systems that simply represent
data in a computerized form, facilitate communication with
the advisor, perform simple calculations or simple analysis
tasks to reduce the human advisor’s responsibility. In these
systems, human advisors are needed to plan, give advice or
suggestion. Those systems are intended more as support tools
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than as truly intelligent advisors that can actively guide the
students and react to changes.

The drawbacks of these types of systems are: they are
unable to generate customized advice, the user is required to
provide the system with information to generate results, which
increases the probability of entering incorrect information and
getting an inaccurate result. Besides, the human advisor is still
needed with a high workload level.

Author in [4] represents a simple tool developed using
Microsoft Excel and VBA scripts to automate some of the
advisor's repetitive tasks. It is designed to facilitate the
academic planning process. The advisor enters the student
plan and transcript manually into two excel sheets, the tool
highlights the taken courses and the ones to-be-taken for next
semester. Author in [5] proposes a software designed to help
students in the course selection process. The software is
developed using Python. The students upload the list of passed
courses to know the optimal next courses. Author in [6]
proposes a decision support tool used to recommend students
and advisors in the course selection process to schedule next
semester. Author in [7] is a simple system where the authors
propose a web-based model for academic advising. The scope
of the model focuses on facilitating the communication
between student, advisor, staff, and head of the department.
Registered students can use the system to complain, evaluate
and suggest. The advisor does the follow-up on the complaints
and suggestions. The head of the department follows up the
department by receiving KPIs reports. Author in [8] also
represents this type of system where authors propose a model
for academic advising using fuzzy logic. The system is used to
help students in course registration decisions. It is
implemented using Java programming language as a mobile
application. The student must answer six questions and based
on his answers the system responds with the percentage value
of recommendation for course registration. The application is
designed for the student as a target user and it does not
consider the academic requirements or database. It gave
limited advising with a high error possibility.

B. Intelligent Academic Advising Systems (I1AS)

An Intelligent Academic Advising is a new trend of
Artificial Intelligence that aims to automate the academic
advising tasks. Intelligent advising systems are systems that
generate customized advice and long-term academic planning
using algorithms, resource-intensive, database, and complex
queries to generate results. This type of system uses different
reasoning strategies to generate the result. Furthermore, it
allows students to do self-evaluation, it also guides them and
reacts to changes. This type is preferred as it provides better
outcomes. It reduces manual information entering, and
consequently generates accurate results and reduces the
human advisor workload.

Intelligent systems for academic advising have been used
in a variety of domains such as: course selection, student data
analysis, major or program selection, academic planning,
scheduling, performance prediction and they use different
electronic technologies. Intelligent advising systems can be
classified as single-tasking systems or multi-tasking systems.
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1) Single-tasking intelligent advising systems: According
to the survey, most of the current systems are designed to
perform a single task such as suggesting a course or a major
for the students based on the data and knowledgebase. Author
in [21] represented JESS rule engine expert system that
provides responses to students' queries about academic plan
and the program progress. The system data is extracted from
the university student database. It recognizes which courses
have been taken and which are expected for the next semester.
Author in [22] represents an intelligent single-task system
designed to be a virtual assistant for the new-comer student to
reply to their questions about the university. It is designed
using a rule-based system and implemented using CLIPSJNI
and JAVA. Author in [23] represents an intelligent dialog
system used to advise students (freshman, sophomore, junior
or senior) to suitable courses. The system uses natural
language processing and an expert system. It is programmed
in Artificial Intelligence Markup Language (AIML) and
Python. Authors in [24] proposed an intelligent system that
predicts student performance using data mining techniques
(Decision Trees and Naive Bayesian Classifiers). The
proposed model predicts the student’s status to help advisors
recognize in-risk and near-risk students.

Author in [7] presented an intelligent course advisory
designed using rule-based and case-based reasoning
techniques. The system recommends courses to the students
based on the students' academic records. The proposed system
was implemented in the Computer and Information Sciences
Department of Covenant University.

Author in [25] also represents an intelligent system used
for course selection. The proposed expert system recommends
postgraduate Computer Science College students at King
Abdul-Aziz University (KAU) to enroll in suitable courses.
The proposed system considers courses prerequisites,
department’s requirements, and thesis field to generate a
semester plan without referring to the advisors. Author in [26]
proposed a model of intelligent advising system using a
multilayer neural network. The proposed model is used to
advise a student to join a suitable college based on his
interests. Students answer certain questions to find out a
suitable branch or college selection. Author in [27] presented a
neuro-fuzzy logic system for Malaysian universities. It is used
to advise the student to select a suitable major. It is a web-
based system, implemented by using Microsoft Visual Studio
2017 incorporated with SQL 2014. Author in [28] proposed an
early warning tool that uses learning analytics to categorize
the student’s performance based on his database. The target
system user is the academic advisor. The system is used to
help advisors in the advising process, notice the students’
setbacks and in turn facilitate advisors' conversations with the
students about their performance and effort. Author in [29]
proposed a system of an automated advisor to help students in
major selection using the Case-Based Reasoning System. This
system gives advice to the student about the best major for
him after comparing his case with the previous ones. The
comparison identifies the similarities of the course contents
which are used in calculating the achievements and the major
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matching. Based on the list of recommendation, the student
can decide the best major for him. It was proven to be quite
effective when enough historical cases are provided in its
knowledge base.

Author in [30] proposed a web-based advising system
designed using a data mining algorithm (K-means). The
system categorizes students into groups based on their
characteristics and behavior and gives them advice about the
best courses based on their similarities. Authors in reference
[31] proposed an advising system that is used to help students
in the course selection task. The system is designed using data
mining technique (association rule mining). It suggests
courses that meet students' needs to improve their academic
performance. The system uses real data from Computer
Information Technology College at Jordan University.
Authors in [32] proposed XML user-based Collaborative
Filtering (CF) system. The system is used to advise students to
take courses that were successfully passed by other students
with similar interests and level of the performance. The
system was implemented and evaluated by real students from
Texas at Arlington-USA and Khalifa University-UAE. Author
in [33] proposed a decision support system called IDiSCS. It
is used for individual course scheduling according to students'
goals and interests. Optimization algorithms were used to
perform a pro-active analysis to suggest a balanced schedule
that satisfies both student preferences and academic
constraints. The system is validated using real-world
examples. Author in [34] proposed a web-based course
recommendation system utilizing multi-agent technologies
with content-based filtering, collaborative filtering, and a
knowledge-based approach.

Author in [35] proposed a new decision support system
founded on case-based reasoning and rule-based reasoning.
The system is used to help students in the major selection
process considering student academic and personal interest. It
is also used to generate three major recommendations strong,
mild, and weak.

2) Multi-tasking intelligent advising systems: Likewise,
there are a few systems designed to address the academic
advising unit multiple issues. Of course, the multi-tasking
systems are the optimal approaches of advising solutions; and
academic institutions prefer them. Such systems minimize
incorrect advice, reduce the load on academic advisors, solve
the issue of the limited number of advisors, and free up more
of their time for other tasks, such as managing special
personal cases [10].

Author in [36] presents a multi-tasking intelligent natural
language advising system in the University of Florida’s
Department of Electrical and Computer Engineering. The
researcher developed a well-defined, conversational question
answering application, like other commercial systems such as
SIRI with Apple. The system provided students with an online
automated advising system that is close to the traditional
human interaction. It has a conversational agent that is utilized
as a user interface and contains data collection modules, data
management, and knowledge base. Author in [5] proposed an
intelligent system using a semantic web expert system that
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provides the dynamic future required in the academic advising
field. The generated system succeeds in providing the required
services and in attaining a high acceptance level. The system
has mixed an intelligent service (course advising, graduation
status information, oral exam qualifications) and a non-
intelligent service (email communication).

Author in [9] introduced a learning analytics system that is
used to predict the student’s risk and to compile his plan based
on his history. It is implemented as a web application using
Python and Meteor frameworks.

Author in [10] represents an academic advising system
using Data Mining algorithms to understand students'
performance levels, students' registrations, and module marks.
Also, it facilitates decision making about the next courses'
enrolment process. Author in [11] proposed an intelligent
automated advising system using the bot framework. The
system is implemented using both agent and object-oriented
approaches. It supports students and assists the advising
process by making fast and easy access to useful information
and helps in considering some academic issues that usually
take considerable time. The system splits into database as a
backend, AdvisorBot as a front agent, Knowledge Base, and
Cognitive module. The designed chatbot is able to answer
students' questions about academic performance, courses, and
future career. Author in [12] also proposed a chatbot for Hong
Kong Open University students. It provides the student with
courses information, it collects students’ opinions, and
provides a recommendation. The chatbot is applied on the
telegram as a communication medium. The designed chatbot
provides a description of the courses by suggesting the course
website or booklet to the student.

Authors in [13] proposed an early warning system that is
used to identify at-risk students and notify advisors about
them to prevent student dropout. The system also accurately
predicts student dropout risk and delivers it with student
performance information and some background to the advisor
on a weekly basis. In this way, the system increases the
meeting quality between student and advisor. The system is
implemented by using machine learning techniques (Logistic
Model (LM), the Additive Logistic Model (ALM), the Support
Vector Machines (SVM) model, and the Random Forest (RF)
Algorithm.).

Author in [14] represented two educational expert systems
used to recommend the courses and scholarships based on the
student's eligibility. The scholarship recommendation system
is the first proposed system of this type. Both expert systems
are implemented and tested by the Oracle Policy Automation
(OPA) software.

Author in [15] proposed a new system called Tarot. The
system consists of a planning engine designed for course
advising. The system is able to develop a long-term academic
plan, it also handles a variety of questions about some present
and future matters such as: maximum course load, student
GBA, the best time to take a certain course and the minimum
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number of teachers needed to cover possible registered
courses. The system was implemented using Prolog with
complex constraints and rules. The system lacks proper user
interfaces where the user queries must be a command line.

V. DISCUSSION

Referencing this literature review, the proposed academic
advising systems can be classified upon the automation level
and technologies used into two main categories: Simple and
Intelligent. Intelligent systems can be classified based on their
purposes or tasks to multi-tasking systems and single-tasking
systems. We can summarize the academic advising tasks that
electronic systems try to address as: the process of selecting
suitable courses, major or program selection, communication
between student and advisors, the barriers of academic
planning and scheduling, the tasks of student academic
performance follow-up, students' retentions, providing
students with useful information, responding to their queries
and frequently asked questions. Table | summarizes the
advising tasks and papers that proposed electronic solutions.

Table 1l shows all the papers included in our research. It
summarized the papers' objectives, the technologies used in
the proposed system weaknesses and advantages. Table Il
answers our research question 1 in detail. We can notice that
most of the proposed system is designed for course selection
and course recommendation (14 out of 30 articles). Most of
the proposed systems are single-task systems, only 9 out of 30
articles proposed a multi-tasking system. Data mining
techniques and decision support systems are the most used
techniques. Only two articles proposed chatbots techniques for
advising. Most authors in literature agreed that the
technologies are essential in academic advising. They
recommended the electronic advising system as a support tool.
They indicated artificial intelligence and expert systems as the
best tools to facilitate advisor tasks and to increase quality but
advising robots cannot come soon to fully replace human
advisors [16].

TABLE I. CLASSIFICATION OF PROPOSED PAPER BASED ON THE

ADDRESSED CHALLENGES

Addressed Challenges Ref. of Proposed Papers

17,18, 20, 7, 21, 23, 25, 30,
31, 32, 34,5,42,43

Course selection

Major or program selection 26, 27, 29, 35

Communication, answering student queries
] 19, 21, 22, 5, 36, 39, 40, 43
and frequently asked questions

Academic planning and scheduling 6, 33,37, 38,43

Academic performance follow-up 24,28,37,41,38

Scholarship recommendation 42
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TABLE II. SUMMARY OF EAS PAPERS
Technologies S . . System
used Research objective Ref. | Weaknesses: Advantages: category
. . . The tool is used to help in the strategic
The proposed tool is not integrated with the decisions process to dgcide which cgurses
database where advisors must manipulate ' .
. . . [4] N . should be provided for the following .
Microsoft excel Academic planning the student’s plan, transcript, and results semester Simple
manually. o .
Lack of theoretical foundation. The tool fau!nates the advisors' work on the
course selection process.
Failed to report some limitations and future
motivations.
Python Software Course selection [5] The software generates the following The proposed tool can help the advisor in
semester courses without considering the the course registration process.
student’s performance history.
The tool provides poor user interface.
Decision support . No automated decisions nor The tool shows the students' data on a page
system Course selection [6] recommendations for the advising process so that it could support a face to face
are provided. meeting.
The proposed system is limited for
Web-based Complaint, evaluation, and | [7] complaint, evaluation, and suggestion It helps students to evaluate, suggest and
system suggestion in any subject processes. complain with no need of a physical
The model is not integrated with the attendance.
university system.
The tool generates the recommendation to ;r;%ﬁ;ogosig;gg:]ls implemented via a
Fuzzy logic expert Course selection i8] the suitable course without considering the F.)p ’
system student’s record and academic requirement. | The tool is able to recommend the course
. . suitability to the student based on logical
Lack of evaluation and validation. P
criteria.
The system is unable to recommend
Case-based complex cases.
ase-base _ . The proposed system uses rule-based
reasoning &rule- | Course selection [17] I;;s:;g: io%ljrgentatlon for both studentand | o2 oning and CBR to recommend courses
based reasoning ports. to students accurately.
Recommendations are generated based on
students' records only.
The system responses to a set of students'
Response to student course Lack of evaluation description. queries.
Jess rule engine ueries [18] The system does not consider the students' System rules are implemented in an XML
q ! > ) !
GPA and interests. file which makes the system extensible and
scalable.
. The tool is limited to freshmen only. Single-
Rule-based Newcomer virtual [19] o oo The tool provides accurate information to inte%ligen
system assistance The proposed system is unintegrated with new-comer students. syt
the university system. system
The system requires the student's transcript
Natural | manually.
atural language . . The system gives a proposed schedule to the
. : 20
processing & Course selection [20] ;I:;e gﬁ(sjtiim t%m\é'sd:g drﬁzon:?si?g:s“g:ls by student which may help in setting an active
expert system P gy q Y session with advisors.
This is an off-line system and it is not
integrated with databases.
The proposed model is designed with a -
- - \ The proposed system identifies the factors
23:;?“”“;29 fotlulgwtuperformance [21] minor students’ dataset. that could affect the student's performance.
4 P The tool is unable to send early It can predict at risk students accuratel
notifications. P y
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Lack of system evaluation description.

The system does not consider the student’s

The system is designed to supply
postgraduate students with the past courses

Expert system Course selection [22] | performance. with consideration of their research interest.
Thg system was limited to students as the It provides a friendly GUI.
main entity.
Lack of system implementation and Auth ’ il |
: : evaluation description. uthors proposed a muftilayer neura
Neural network Major selection [23] o P i ) network model to advise students on the
The advisor’s role is neglected in the suitable major based on their preferences.
system.
) Lack of system evaluation description. The author proposed an enhanced
Neuro-fuzzy logic Major selection [24] ) , framework to recommend majors based on
expert system The system does not consider the student’s the students’ interests, future jobs, and life
performance level. quality.
The system is unable to process special The proposed tool can categorize the
Learning analytics Student performance [25] | &% student’s performance. A predictive model
follow-up The system is unable to generate early alerts | is used to foresee the students' likelihood of
to the advisors. failure or success.
The system requires a large set of historical
Case—l?ased Major selection [26] cases in its knowledgebase to generate He!p to compare a get of courses to make a
reasoning system accurate results. major selection decision.
Information overload.
- The system is able to advise students about
Data mining . . 4
- Limited to course selection. the suitable courses.
techniques Course selection [27] ; : : :
(collaborative The information that can be extracted and The proposed system is evaluated with real
filterin used to model a student is limited. data and is integrated into the university
9)
management system.
- The proposed tool is not interactive where The system is able to generate a list of the
Association rule c lecti 28 ; d by simil d
mining ourse selection [ ] generated results need to be reprocessed courses registered by similar students.
manually by advisors. The system uses real data.
The system predicts the student’s
performance in the recommended courses
XML user-based . - L
. . Lack of system evaluation description. based on other students with similar
Collaborative Course selection [29] interests and perf level
Filtering (CF) It requires manual data entrance. Interests and performance level.
It returns the list of courses that were passed
successfully by other similar students.
. No explanation of decision reason to The author introduced a system that used
Decision support R di heduli students L hni
system using ecommending scheduling . optimization techniques to support courses
optimization acco_rdlng to students’ goals [30] | The proposed model enables considering scheduling processes.
algorithms. and interests. some academic prerequisites. The proposed system is able to serve some
Lack of check of conflicting constraints. specific cases.
The proposed tool is able to recommend
i The system does not consider the student’s | courses based on the student’s preferences
Multi-agent Course selection [31] £ d and academi and behavior
technologies performance record and academic .
requirements. The system has high degree of flexibility
and expandability.
Case-Based ) . .
Reasoning and ) . The proposed system neglects th_e students The system is able to recomme_nd amajor
Rule-Based Major Selection [35] | performance record and academic for the students based on their interests with

Reasoning (DSS)

requirements.

high accuracy.
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Natural language

The system performance was limited as it
was not integrated with the student’s
academic record.

The system represents the first
conversational based academic advising

processing Students dialog system [36] | The model generates an error if the user uses fgﬁgi?gé!;%l%g%ﬁ;sﬁg :;sttue rr::]l that
incomplete expressions. provides about 29 services, a user can
The system neglects the communication search through using NL.
with a human advisor.
Course selection - System is designed to serve clear path
Semantic web raduation information - students only; it cannot give advice to i i
g rmatl [5] others. The system provides enough accurate advice
expert system oral exam qualification- The advi i 10 enter the student and it has a high level of user acceptance.
email e advisors need to enter the students'
transcripts manually.
The study sample size is small. The proposed tool enables advisors to
Student performance i . evaluate the students' performance including
Learning analytics | follow-up, academic [37] | Thetool is unable to send notifications to difficult cases.
planning advisors. The tool recommends a plan for the next
S e nex
It cannot generate a long-term plan. semester.
The proposed system enables advisors to
Academic planning, Lack of implementation details description. | monitor the students' progress.
Data mining performance follow-up, [38] | The proposed model does not consider the The proposed data model can classify
techniques advising session students' interests and goals. students according to academic standing.
appointment - .
It facilitates the planning and reasonable
actions.
The paper focused on how to design and
|mplemgnt thg ghatbot more than on the The system answers query even if Multi —
Chatbot Providing students with [39] academic advising needs. incomplete or with limited expressions by intelligen
valuable information. The role of the department head was intent defined using AIML. t system
neglected in the system.
Lack of system evaluation and validation.
- The system does not advise the user about o
e courses g o i oporsand | 1% ALt s 6 ey
Chatbot tudents’ opini dg [40] | constraints. P P '
students opimntons an . . It uses an intent detection to understand the
recommendations. The system requires more analysis and user need from the input natural language
recommendation functions. P guage.
. . The system is able to notify the advisors
Machine leaning | Student performance The system is unable to provide the reasons | about students’ risks and predicts students’
techniques follow-up [41] | of low performance and dropout reports. dropout then delivers a report with the
Students are not provided with instructions. | students’ performance information to the
advisor on a weekly basis.
It proposed the first expert system for
scholarship recommender.
Rule-based Expert C%urlse she_lectlon and [42] Lack of system evaluation description. The system is able to recommend courses to
system schofarships. The scholarship system did not function. students based on the student’s
specialization, prerequisite courses, GPA,
and the current semester open courses.
The system is able to develop the student’s
. . . X academic plan and courses’ schedule even
Constraints and Long-term course User interface is not appropriately for complex scenarios.
rules in Prolog h % I . provided. .
programming schedules, answering [43] o . . TAROT system can answer staff, advisor,
resent and future queries. The system is time-consuming when it ;
language p q " | & and student queries.
: erforms some complex operations.
P P P TAROT system can support strategic
decision.
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Many challenges have been observed in the proposed
electronic advising systems. We summarized the most critical
challenges in electronic academic advising systems as
following:

e How to treat special-case students individually because
not all students can be treated in the same way.

e How to produce a flexible, accurate advising system
that serves multiple advising purposes with ease of use
and minimum complexity and information overload.

e The necessity of a holistic approach to include all
advising factors like student competency, interests, and
goals.

e Minimizing poor results due to the need for human
judgment factors or wrong input data.

o Regular updates are essential to assure the accuracy of
advice and messages generated by the system.

e Increase in the validity and clarity of rules and
guidelines.

e The advising systems should be of high speed to
respond quickly, give advice and alerts in a timely
manner.

Most of the surveyed literature indicated the importance of
embedded electronic advising systems or tools as a part of a
well-designed system to increase its efficiency and
effectiveness. The system is unlikely to benefit students if it is
poorly designed or poorly integrated into the university
systems. It is clear that universities and scientific researchers
need to work seriously and give more consideration to fill the
gaps in the academic advising systems research and to
improve it in a way that allows advising to achieve its
purposes and goals. In fact, most of the authors agreed that the
electronic academic advising domain is rapidly growing and
that it is an active area for researches that will continue
improving and contributing with valuable works to develop
effective advising systems that serve both students and
educational institutions [9], [44]. Fig. 2 shows the distribution
of researches over the publication years.

8
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3 3 3 3
2
1 1 1 I

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

9
8
7
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5
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1
0

Fig2. Research Papers Classification over Publication Year.
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VI. FUTURE WORK

For future works, the authors recommend artificial
intelligence techniques and expert systems to maximize
effectiveness and efficiency. Very few studies in the literature
proposed systems related to scholarship recommendation,
exploring students' life and interests, career goals, and
parodically alerts advisors and students. Also, they indicated
the importance of using the multi-tasks system that works as a
unified system more than as separated supporting tools. It
would be interesting to take advantage of Artificial Intelligent
research to introduce innovative academic advising systems in
these areas. Implementation of the electronic advising systems
must consider integrating the advising system in a well-
designed system (the main university system) and build it
based on students' databases. Many parameters must be
considered in order to create an efficient advising system, such
as effectiveness, maintainability, usability, and portability.

VII. CONCLUSION

Academic advising is a very important unit in higher
education institutions. It plays a great role in students' and
institutions' success. Technology has the power to improve
this educational field, and many studies have been conducted
to improve academic advising applying technology. We
conducted this SLR to review the recently proposed electronic
systems in the domain. The paper contributes to foster
motivation for further research to create reliable and resilient
electronic advising systems based on Artificial Intelligence
techniques. The analysis of selected proposed systems
detected the technologies used by the research communities in
this field and its purposes. Along with the arising
opportunities, we shed light on several drawbacks and
challenges that require the universities and researchers to
make extra effort and it foster motivation for further research
to create reliable and resilient electronic advising systems.
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