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Abstract
The aim of this work is to help university applicants in their transition phase
from high-school to tertiary education starting with their first life-long
decision concerning their choice of the field of study.
The construction of the decision support system has evolved into an ontologybased model. The model, as well as the decision making rules, have been
formulated based on the research study of the cohort of 119230 students of the
University of Alicante between 2010 and 2018.
The educational and psychological processes have been studied in order to
identify the pivot moments and the factors that may lead to an adequate
decision making or to an objectively wrong decision which eventually ends up
in a drop-out of studies.
Analysing the existing methods of occupational and educational choice
assistance, the method of John L. Holland on “A Psychological Classification
of Occupations” has been selected as the most viable and convenient for this
purpose. The Holland Codes have been adopted as a lingua franca of this
ontology-based model.
As a result, the ontology-based decision support system provides assistance in
decision making using the Holland Code terminology and practically unlimited
complexity of the object and data properties of and ontological presentation of
knowledge.
Keywords: ontology-based decision support system; occupational and
educational choice; Holland Code.
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1. Introduction
Student’s natural learning motivation has been an objective of many educational research
works. Being properly and timely recognized this motivation makes it possible for a young
person to adequately and independently make the best educational choice which will have a
life-long effect. The willingness to study, the volume and the quality of the information taken,
occupational satisfaction, a life-long success and personal adaptation of each member of the
modern society depend on those decisions.
For that purpose, the following assignments have been accomplished: statistical analysis of
the first year performance for a cohort of 11923 students of the University of Alicante. We
analysed in a longitudinal sample spanning from 2010/11 to 2017/18.
An ontology has been developed in order to rationalize, organize and automate the processes,
procedures of the decision support system, based on the rules within the semantic net context
notions of the study area in question.

2. Current state of affairs
At the age of 15-16, when opting between existing high-school educational study
programmes (Vidal I. M., 2014) young people have to face their first life defining decisions.
Having taken one of the educational options the high-school students limit themselves in
terms of their future careers (Startseva E.B., 2017).
Spanish high school students specialize in three study programmes (Sanchez, 2014): natural
science, social studies, arts and humanitarian studies which are to prepare the high school
leavers for enrolment in university also in three different fields of study correspondingly.
The diagram below (Fig. 1) reveals that although the three main high-school study
programmes are equally represented between high school leavers, 64% of the university
entrants (Fig. 2) prefer social studies and economics rather than anything else, and only 8%
seem to seek a humanitarian or languages careers. Moreover, this proportion changes even
after the enrolment process is over.
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Fig.2. University fields of study

Similarly, in the US “up to 80 per cent of matriculants enter college undecided on a major
and up to 50 per cent change majors at some point during their enrolment” (Ronan, 2005).
While the number of students has been rising, so has the proportion who fail to come back
for a second year. In all, more than a million US students a year quit college (Marcus, 2018).
High dropout rates and overly extended studies among undergraduate students represent an
increasing challenge to the modern society. “In America 40 per cent of college students fail
to graduate with four-year degrees within six years of enrolling. Drop-out rates across the
developed world average around 30 per cent“ (The Economist, 2018). A third of Spanish
undergraduate students do not complete their degree in 4 years or simply dropout (Ministerio
de Educación, Cultura y Deporte, 2016).
These figures raise a very important question of why many former high-school students
eventually transferred to a field of study that was very different from their high-school study
programme, quit college or overly extend the time to graduate and whether half of the
university entrants are not pleased with their high school choice or they are unsure about their
next career oriented step. In other words, they have either made an erroneous choice while
studying at high school or are making a mistake choosing a wrong university career, or both.
In 2017/2018, Spanish expenditure on education reached €51.3 billion of which 20 per cent
(€ 10.26 billion) was directly invested in the higher education, and nearly €530 million was
awarded for scholarships, increasing expenditure to nearly €11 billion. (Ministerio de
Educación y Formación profesional). With a 1/3 of all university entrants eventually finding
themselves dissatisfied with their field of study and considering the dropout option, this
results in an annual cost of over €3 billion to the public purse. (Vidal M. , 2017)
The number of undecided students varies across institutions and sources but the volume it
represents highlights the large impact and importance of understanding and assisting the
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undecided (Emily Bullock-Yowell, 2014) as well as those who believe that they have already
made their commitment to a major and a potential career.
At the same time being a student is not a solution in itself. Students have little understanding
of the skills and degrees that will increase their employability (Bersin, 2013). According to
some studies, up to 47 percent of U.S. jobs and over 70 per cent of those in India were rated
as highly likely to become computerized in the next 10-20 years. Such qualifications as an
accountant will be of little benefit for the individual employee, because – over time – there
is a 98 per cent probability that the work of an accountant can be done by intelligent software
(Alfons Botthof, 2015), in the worst case scenario it may happen even before the student has
passed all ECTS credits.
Hence, research in the area of careers guidance is crucial for all stakeholders especially young
people who need to be guided as to the important aspects to consider before choosing their
field of study at University. This guidance shall form a part of the “strategic framework for
European cooperation in education and training in order to respond to the challenges of the
modern world, to better provide the means for all citizens to realize their potentials, as well
as ensure sustainable economic prosperity and employability” (European Commission,
2018).
For example, the quantitative analysis of the first year University performance for cohort of
more than 11000 university entrants has proved that those with the natural science high
school background are better off (82% of the ECTS credits passed) in all university fields of
study. While those majored in humanitarian and social studies showed 72,3% and 71,4% of
the ECTS credits passed correspondingly (Fig.3).
Humanitarians
Social sciences
Natural science
66%

68%

70%

72%

74%

76%

78%

80%

82%

84%

Fig. 3. End of year pass rate of the ECTS credits for each high school study programme

The educational and psychological processes have been studied in order to identify the pivot
moments and the factors that may lead to an adequate decision making or to an objectively
wrong decision which eventually ends up in a drop-out of studies.
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3. Ontology description
The proposed ontology-based decision support system (DSS), apart from the high-school
performance factors (which are at the moment the generally accepted key indicators in
choosing the field of study), make use of large spectrum of knowledge i.e. expert assessment
of labor market perspective, strategic planning requirements, occupational psycology
(Holland Occupation Test (Holland Code Career Test, 2017)) that focuses on career and
vocational choice by grouping people on the basis of their suitability for different categories
of occupations, the Position Classification Inventory (PCI) (Gottfredson, 1991) which
enables to use the Self-Directed Search results to locate and explore the degree of match
between an applicant and future job, provide a structure for locating future career
possibilities, the Multiple Intelligences theory which focuses on strengths or intelligences
that can be interpreted as learning styles, information on the applicant’s individual
characteristics based on the human design classification (Parkyn, 2010) (logical and
consistent system which the authors find quite useful to apply in order to prove validity of
other theories and methods).
The ontological model DSS has been applied for data and knowledge analysis to provide
integrity and consistency and to be used for elaboration of the DSS rules. Those rules shall
provide an applicant with an answer as to which major to choose, the study prospective in
general using the input of the individual data mentioned before. The authors believe that this
information will encourage each student to study the chosen major and also duly inform the
applicant about possible riskes implied by the choice taken.

Fig. 4. OntoGraf with the class samples and objects
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The contruction phase of the ontology-based DSS is presented in Fig.4. The main
characteristic of the proposed system shall be the following: its ability to identify the
applicants’ architypes: to recognize an educational behavioural pattern and, more
importantly, capabilities and inclinations together with the ability to spot the congruent
professional areas. Instead of saying that “learning can be characterized as the procedure of
obtaining knowledge or aptitudes (Shaimaa Nafea, 2016) we can add that with the help of
the ontology-based DSS learning starts with the procedure of self-recognition, use of the
natural learning patterns, identification and encouragement of natural professional
inclination. The core idea of the system is that every person is individually gifted, it treats
the capabilities (competencies) as the possibility for a person to significantly contribute into
the social development (Gvozdev V.E., 2014).
The Holland Codes have been adopted as a lingua franca of this ontology-based model. At
the initial stage the proposed ontology-based decision support system shall assist its users
(high-school student and university applicants) to identify the best choice major and take the
correct learning path. This system applies productive rules in order to select an adequate field
of study on an individual basis by using semantic rules and rule-based reasoning so as to
detect the individually corresponding fields of study. Eventually this ontology can be applied
together with other ontologies like Learning Domain Ontology and become a part of the
Learning Network.
Application of all these criteria has made it possible to formulate the decision making rules
for a better choice of a university major.
These rules are formulated in SWRL on the subject area ontology (Fig. 5).

Fig. 5. Examples of SWRL rules
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The obtained results of the rules application as well as dynamic monitoring of the main
economic and social tendencies make it possible to adjust and update the DSS through
introduction of the new rules.
This work made use of the methods and models developed under the RFBR Grant 18-0000238 "Methods and models of the intellectual decision support in innovative project
management on the basis of knowledge of engineering".
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