
Personalized Long-Term Student Guidance Towards Graduation

Vangel V. Ajanovski
Faculty of Computer Science and Engineering
Ss. Cyril and Methodius University in Skopje

Macedonia
vangel.ajanovski@finki.ukim.mk - https://ajanovski.info

Abstract: Continuous development in STEM fields has led to widening diversity in the course 
catalogs of a number of universities. Exchange programs exist that enable students to visit partner 
institutions and enroll courses during their visit. Many students need to study and work in parallel.  
This situation has lead to a growing necessity for flexibility in the study processes and ability to  
personalize the studies. While increasing the diversity of the curricula seems beneficial by itself, 
some choices might be better than the others, and some might have an impact over the success of  
the studies. Personal guidance in a flexible process is a must, but at the same time it becomes 
unfeasible. A model for long-term academic guidance towards graduation is presented, based on 
personalized forecasts of each student's future enrollments, using course recommenders to pin-point 
the student’s abilities and interests, and scheduling using personalized assessment of future risks.

Introduction

Students meet many choices at the University that can influence their progress both in terms of the success 
within a single course, and also overall – across the studies. Which study program to start the studies with, whether  
to follow a course-track towards specialization, how many courses to enroll in each term, which courses to enroll,  
and workload distribution among courses, are just some of the questions. Each choice can have influence over the 
rate of advancement towards graduation, final GPA, and satisfaction. In integrated universities with interdisciplinary 
studies the breadth of offer in the course catalog can reach thousands courses overall, and hundreds that can be of 
interest to a student. In such a situation, personal guidance and advising would be of tremendous importance to the 
student, but the sheer volume of possibilities makes it unfeasible. Someone would have to be able to explain several  
hundreds of curricula, over a multitude of disciplines each with their own specifics. The personal advising becomes 
more than a challenge, and yet, it is crucial for the student who has just begun with one the disciplines.

This paper presents a design-based research resulting in a prototype solution that enables each student to  
interactively monitor and evaluate their advancement towards graduation by predicting the future enrollments. The 
solution is backed by prediction and recommender engines and schedule optimization tools, but does not use them to 
present raw lists of recommendations or probabilities to the students. Instead, the system works as an interactive 
visualization tool that shows the future plan to each student, together with the predicted paths towards graduation  
and recommendations for courses, workload and schedule. Students can perform what-if analysis by interactively 
testing possibilities, and by doing so, they explore choices and paths they lead to, and learn about their advantages  
and disadvantages. The following paragraphs define the key student needs that were of the highest significance:

Flexible Studying - Not all students can have the same level of focus at the same moment, so it is important 
to enable flexibility at the level of study programs, studying workloads and schedules. In that way, the students can 
self-organize and take care of their well-being and decrease stress. Students can also be at risk if the workload is not  
adequately assessed and models of the factors involved are not evaluated (Bowyer, 2012; Haig, Falkner, & Falkner, 
2013). Therefore, the system also enables the student to reschedule the courses and credits independently for each 
term, since "having time is a precondition to experience a manageable workload"  (Kyndt, Berghmans, Dochy, & 
Bulckens, 2014).

Student Mobility -  Social  networks are increasingly raising awareness  to student exchange options and 
general  mobility  (Beech,  2015).  In the report  (Junor & Usher,  2008) the credits as a currency are discussed at 
various levels. In this case, the solution keeps note of off-terms, and possible course relationships between partner  
institutions, especially within the ECTS. The system enables the student to plan transfers to partner institutions,  
recognizing equivalent courses automatically. Exchange programs and credit transfers that could be aided by the 
system, already exist throughout EU and are under consideration at other regions (Alarcón et al., 2014).
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Personalized Planning – Issues and Complexities

The personalized planning solution is the most important part of the proposed system. The foundation of 
such a tool is a database of study program structures and all the projects, activities and courses to be finished until  
graduation – i.e. the devised study process in a study program. In many cases, such a process can only be formal and 
proceed straightforward, if and only if everything goes according to plan, without special needs by students, which 
is rarely the case. In order to build a complete planner, the originally-devised study program structure will not be 
enough – all the changes that occur when real people and real demands come into the process will also be needed.  
Some changes occur at a general level – the entirety of a study program, and apply to all students. Some changes are 
for a specific course or a group of students. Therefore, the list of situations that were accounted for in the system is:

 The final exam in a course can be taken until a certain deadline (usually two terms after enrollment).  
Sometimes there are inter-dependencies between courses from term t over to the courses in the term 
t+1. If this is the case and a student does not pass the prerequisites until the end of term t, she will not 
be able to enroll the dependents in term t+1. If such courses are not on offer in term t+2, but only in t+3,  
a gap occurs, and the student can only wait and focus on passing the prerequisites with no new courses.

 So, failing a mandatory course is of a special consideration. In the best-case scenario, the student passes 
the course within the allotted time and is able to enroll the subsequent dependent courses. In the worst-
case scenario she will have to re-enroll the course in the next year and plan all dependents to start after.

 Failing an elective means that the student will have to either re-enroll it, or drop it and choose again.
 There are specific cases that are neither typical mandatory nor typical electives. For example, a student 

might have to enroll a specific course in a specific term (semester), or when a specific total number of 
credits is accumulated. Also there can be choice-slots, where the choice is made from courses within a  
certain specialization or courses from a manually defined list.

 Sometimes, the course-work is project-based, so the students might finish at any given moment when 
the requirements are met (even out of exam periods). Since this might occur before the official course  
enrollment deadline, possibility opens to enroll subsequent dependents earlier than originally devised.

 A student might need to adjust the future workload (credits per term) to meet a personal preference.
The planning process in this case can be considered to be an analogy of the critical-path method (CPM), 

where the project is the graduation, the activities are term enrollments, while sub-activities that overlap and have 
inter-dependencies are the courses. We can analyze this problem in terms of CPM and estimation of work to be done  
from admission to graduation, under the constraints imposed by the study program. In order to have a personalized 
planning interface, we need to have a good estimation of the structure of the project and it's activities (i.e. the overall 
structure, inter-dependencies, parallel activities) and estimations of the duration of activities (how long it takes to 
pass a certain course) and the resources they require. In this case, the estimation of the duration of a course (time 
that a student will need to pass) is the most important factor, that directly affects the critical-path to graduation. 

Our goal is not towards finding the best possible estimates on the study duration and critical paths, but  
increasing student awareness. The student should be able to condone experiments and learn about the critical paths 
to graduation. These are the models that we allow the student to experiment with:

 Best-case scenario (optimistic duration) – based on a general estimate over the whole of the student 
population. This is useful for students who have demonstrated better results than their peers. 

 Worst-case scenario (pessimistic duration) based on the general estimate over the whole of the student 
population. This is the best option for students who were among the least successful as compared to 
their peers in the past, and even had to re-enroll one or more courses.

 Estimation of the probability distribution over the duration of time needed to pass a course, and run a  
Monte-Carlo simulation to estimate the most-probable critical-paths.

 Use a linear combination between the best-case and worst-case scenario, scaling the linear coefficient 
based on the ranking of the student, according to the average duration she needed to pass courses as 
compared to the general population in the same study program and same GPA.

 Use a general  recommender  system based on collaborative  filtering to  predict  the total  duration in 
months to pass a course based on past occurrence in peers.

The system should enable mobility of students within study programs at the same institution and within  
study programs of partner institutions, which means that at  some point in time the student can migrate over to  
another institution, or be involved in a student exchange program for a certain period and be back home at the end. It  
is obvious that in many situations the structure of the studies that the student has to overcome is going to change.  
The  problem  is  made  even  more  complex,  since  institutions  might  have  completely  different  organizational  



structure,  study programs and courses on offer.  Sometimes, even courses with the same name can have quite a  
different syllabus at different institutions, so the institutions can decide not to consider them as equivalent. It is clear 
that it is not possible to build the system solely based on the course titles, nor the graphs between the courses titles  
and topics themselves. The proposed system is based on the accredited curricula proposals that the courses were 
implemented upon and the established mapping between them, the respective course implementations and finally 
(provided they exist) curricula guidelines proposed by competent organizations. 

In the field of computing, such guidelines are created and maintained by the ACM, IEEE, AIS and other  
organizations, independently or in collaboration. The guidelines define a Body of Knowledge (BoK) and mapping 
between topics from the BoK and prototype curricula  (Joint Task Force on Computing Curricula, Association for 
Computing Machinery (ACM) and IEEE Computer Society, 2013). We are using this mapping and have developed 
another map on top of that, to define the details of what exactly is learned in each course, and how it relates to the 
accredited curricula. 

The approach is similar  to the typical  curriculum mapping  (Jacobs & Association for Supervision and 
Curriculum Development, 2006). In the first iteration, curriculum mapping is used to assess the curricula proposals 
and how well  they cover the curricula guidelines.  In this way a map of topics is  written,  so that  a  relation is  
established between the curricula proposal documents and the relevant parts of the guidelines and the BoK. This is  
done by administrative personnel based on existing curricula proposals. In the next iterations, or later revisions of 
the curricula, these maps are revised to be closer to what actually is taught at classes, week-by-week, the actual 
number of lecture hours involved and the level of complexity that is covered are determined. When the analysis has 
sufficient details, it will give an idea of the true  prerequisites and inter-dependencies at the level of curricula, based  
on actual course-work. This opens further possibilities to map the student results per assignment and topic. If such 
analysis can not be performed, then the mapping between curricula proposals and guidelines will only be used, since 
it requires less effort. In some cases, this can be partially automated by finding similarities between wording in the  
course descriptions.

The proposed system tries to also solve the problem of prerequisites, planning based on constraints and  
student’s self-assessment of her progress. The problem of managing prerequisites was tackled with an introduction  
of a real-time graph visualization tool that is used to both investigate the existing inter-dependencies, and to assess  
their impact in the real student life. Since the graph of links between curricula is almost never planar, and some link  
types are reversed (that can create cycles in the full graph), it is understandable that a fully automated solution that  
finds good layouts is not always a possibility. Therefore, we opted for a semi-automated tool that gives an initial 
layout and can be later tweaked for better understanding. The general future planner tool that will be explained in 
the following paragraphs is based on the past work started from (Ajanovski, 2011) and ideas similar to (Bercovitz et 
al., 2009), with the difference to include elements of probabilistic modeling of course delays and introduction of  
critical-path method to schedule  the future  plans and recommender  engines  to  propose courses  of  interest  and  
evaluate risky critical paths.

Planner User Interface and Engine

The central  hub for the monitoring and planning interface for students, and the point where all further 
scenarios start, is the Planner User Interface. It includes a matrix representation of the student progress in the past,  
and a forecast of the future, term-by-term, including predictions on risk and recommended workloads. 

Starting at the bottom of the matrix and counting row-by-row towards the top, each of the terms (periods,  
semesters, trimesters) that the student has enrolled in the past are placed. In each term, the courses that were enrolled 
are added starting from the left-most position. If the student has changed a program or department, or took part in an 
exchange program for a certain period at a partner institution (member of the system), the relevant historical data is  
already there. The system uses colors to indicate the status of past course enrollments (e.g. if the course was passed,  
failed or is still in-progress) and prints additional information on the courses – number of ECTS credits, signature 
from the professor certifying that the student was regular at classes, and grade. In the upper part of the matrix, the  
student  can  plan  her  future  enrollments.  The  system forecasts  a  possible  future  plan,  taking  into  account  the  
orginally-devised  study  process  constraints  and  rules,  including  both  mandatory  and  elective  courses  and  the 
student's speed of progress. The average number of credits per term that were enrolled in the past is used as a  
starting point for the limit on the number of credits that will be possible to overcome in the future. Having these  
numbers, an empty term-course enrollment future matrix is created. The matrix is then filled-in by the system – 
starting from the bottom, towards the top. Each row is given a number indicating the ordering of the future terms 



until graduation. The number of the first row is "+1" – as the first next term. During the term enrollment period, the  
first number is "+0" indicating that it will represent the to-be enrolled current term. 

An example from the system – showing a student migration from one department to another is presented in 
Figure 1. The student started with "Informatics", and later switched to "Computer Science and Engineering".

 
 

The background method of creating the matrix is explained in the next part. When starting the process it 
produces initial future course plan, that the student can interact with and change. It can also be invoked subsequently 
to rearrange the plans, based on student’s input. 

The process starts with the system investigating the active study program enrolled by the student as a  
whole, and checking which mandatory courses are not yet passed by the student. They are candidates to be placed 
into the empty matrix. The next step is to estimate when will the student be able to enroll each of them. Only courses 
that  have  cleared  dependencies  (passed  prerequisites  for  hard dependencies,  and  enrolled  prerequisites  for  soft 
dependencies) can be enrolled in the next term. So, for each course the system checks if it's possible to enroll it in  
the first next term. If not, further checks will be made for the term (row) above, and so on until it is placed at some  
position. Each chosen course pulls-in a graph of inter-dependencies,  the depth of which is the number of terms 
required to finish the chosen set of courses. An illustration on the effects of course inter-dependencies over the  
ordering of courses in the planner, and the required duration in terms is given in Figure 2.  

When the mandatory courses are into position, the system proceeds with the slots where the devised study  
program mandates the student to choose an elective course from a specific list. The positioning algorithm is the  
same, but one should have in mind that the system only makes a reservation for such a slot, and does not try to  
predict which course will the student choose. Although this can easily be done with a reasonable probability, the  
vision is to allow the student to experiment and make the choice herself. Finally, if the total number of ECTS credits 
from enrolled and planned courses meets the expected amount of credits required for graduation, the process is  
finished. Otherwise, the student is allowed to freely choose electives from the whole university catalog.



Assessment of the Status of Advancement Towards Graduation

In order to assess the status of advancement, a graph of the whole structure of a study program is used. The 
graph shows how the courses interrelate to create paths that the student is supposed to follow. Dashed arrows define 
soft prerequisites that are not very strict, while the full arrows indicate hard prerequisites that must be full-filled at  
the time of enrollment. The graph is constructed by using topological sorting, as in (Meinke & Bauer, 1976), and 
deploying force-feedback layout algorithm using D4.js that gives the student a possibility to rearrange the graph in  
real-time and see it in a form that is easier to understand. At the top will be the courses that can be enrolled first,  
next would come subsequent dependent courses to be enrolled in the next term, and so on.

The graph is then used as a visualization and assessment interface (see Figure 3). The graph visualization 
tool was inspired from  (Zucker, 2009) and  (Auvinen, Paavola, & Hartikainen, 2014). In the initial run, only the 
mandatory courses from the study program are included, and later the student can choose specific electives or even 
whole modules of interest. Thus, the student is able to grasp the amount of work and the various knowledge paths 
she will have to acquire in order to cover the discipline before graduation. In addition to merely showing a graph of 
inter-dependencies, each of the nodes that represent a passed course are attributed with a color that shows how the 
student has ranked against her peers within the course grading curve. Icon indicators towards the edges show if the  
course were issued a recommendation. So, the student will know if some paths include courses recommended to 
achieve better, or "risky" courses where extra work is expected, or to indicate popular options among peers. 

 
 
 

Discussion, Related and Future Work

The presented work is part of a long-term research project. The modules of the system that enable the 
definition of the study program structure and curriculum mapping were presented in  (Ajanovski,  2017) and the 
enrollment system has already been in production for several years. In this paper we presented the development of  
the future map forecasting engine, and the planning and assessment user interfaces. The system was built using Java 
and Tapestry 5, with a background Hibernate ORM to a PostgreSQL database.

The overall solution was evaluated over a anonymized data-set on the last 10 years of enrollments at the 
author’s  institution,  including  more  than  70000 course-student  pairs,  more  than  20  study programs  and many 
revisions.  The  graph  has  about  10000  edges  and  2000  nodes  representing  curriculum structures  and  revisions 
through history.  The resulting prototype for personalized planning and assessment towards graduation has been 
evaluated using this production data-set, and a sub-set of case-studies from anonymous profiles of students that were 
in the position of all the described complex situations and issues. Current investigations of existing algorithms and  
their customization have enabled us to predict future grades to the precision of +/- 1 grade in 80% of cases. While  
not ideal,  predictions at  this level  of accuracy are good enough for  indication of possible risks and for  raising  
attention to the student on courses where substantially more work will be needed in order to finish on time and not  
risk longer duration of the critical-path. 



 The  results  for  the  graduation  planning  part  can  be  bettered  by  development  of  customized 
recommendation algorithms and adaptation frameworks and this is a parallel line of work in the project. But, as 
already discussed, the aim of this research was not about success prediction but enabling the students to experiment  
with future plans in order to assess their current situation and raise awareness on the impact of the choices being  
made with respect to courses, workloads and mobility. The evaluation showed promising results and the prototype 
system enables future research towards even longer-term planning, forecasting master and doctoral studies and even  
using a similar matrix based planning model for investigation of short-term career goals in a 5-year time period.
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